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ABSTRACT 
 
Bacteriocins (BCNs) are ribosomally synthesized polypeptides or proteins with 
antimicrobial activity, produced by different groups of bacteria.  Many lactic acid 
bacteria (LAB) produce BCNs with broad spectra of inhibition.  The antimicrobial 
activity of BCNs against spoilage organisms (SPOs) has raised considerable interest 
in their application in juice preservation. The objectives of the study were to:  
(i) isolate, identify and screen BCN producing bacteria for antimicrobial activity 
against spoilage bacteria and fungi, (ii) optimize production of BCN from selected 
producers and (iii) investigate the industrial application of the BCN as a preservative 
in fruit juice. 
 
Eleven LAB strains of BCN producers were screened for antimicrobial activity. BCNs 
from Lactobacillus plantarum and Pediococcus pentosaceus 34 were the most 
effective against juice spoilage bacteria and fungi. The effect of medium components 
on bacteriocin production in L. plantarum and P. pentosaceus 34 was also 
determined. Clementine:Valencia (1:1) juice was used for the first time as the growth 
medium for L. plantarum and P. pentosaceus 34. The BCN from L. plantarum 
showed the highest activity and was, therefore, chosen for juice fermentation 
studies. The identification of L. plantarum was confirmed by biochemical tests, 
polymerase chain reaction (PCR) and sequencing of the recA gene.  
 
The highest BCN activity was observed for L. plantarum grown in De Man-Rogosa-
Sharpe (MRS) and a combination of all supplements (i.e. peptone, MnSO4.H2O, 
Tween 80, glucose and whey), followed by MRS and Tween 80, peptone, 
MnSO4.H2O and MRS alone. MRS was a better medium for BCN production than 
juice [Clementine:Valencia (1:1)].   
 
Size exclusion chromatography (SEC) was used to isolate the active L. plantarum 
BCN fraction which corresponded to an approximate molecular weight of 3.2 kDa 
and was proteinaceous in nature. Plantaricin structural genes (plnEF, plnJ, plnK, 
plnN) were detected in the L. plantarum strain by PCR and sequenced, and were 
chromosomally encoded as no plasmids could be detected. This implies that the 
iii 
BCN from L. plantarum is most likely a type of class IIa plantaricin which is 
responsible for the broad inhibitory activity observed. 
 
For the industrial application studies, L. plantarum BCN-containing cell free 
supernatant (BCNsup) added to “Ready to Drink” (RTD) Clementine:Valencia (1:1) 
juice at concentrations of 3 600 - 500 000 ppm decreased growth of SPOs, 
Lactobacillus acidophilus and Streptococcus thermophilus. At 250 000 ppm, the  
L. plantarum BCNsup achieved 5.3 and 6.8 log reductions of the L. acidophilus, after 
24 and 48 h, respectively, which is larger than the USFDA  (2001) requirement of a 5 
log reduction in SPO activity, for preservation of fruit juices. However, there was a 
decrease in the activity when the BCNsup was applied to industrial (Valor) RTD juice 
(mango-orange) at decreasing concentrations of 100 000, 50 000 and 25 000 ppm.  
Organoleptic tests showed that the BCN did not alter flavor or taste of the juice and 
did not cause toxicity or allergic reactions. A food safety risk assessment was 
conducted in order to determine the Critical Control Point(s) [CCP(s)] at which the 
BCN could be applied to control identified microbiological hazards, and a Hazard 
Analysis and Critical Control Point (HACCP) plan was developed.  
 
This is the first report on the optimisation of L. plantarum BCN production in juice 
[Clementine:Valencia (1:1)], followed by inoculation into RTD juice (mango-orange), 
including a HACCP plan for the application of the BCN as a preservative in juice. 
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CHAPTER ONE 
 
LITERATURE REVIEW 
 
 
1.1 INTRODUCTION 
 
Bacteriocins (BCNs) are low molecular weight, ribosomally synthesized 
polypeptides, proteins or protein complexes excreted from within BCN producers, 
and are usually antagonistic to genetically closely related organisms (De Vuyst and 
Vandamme, 1994).  They gain entry into target cells by binding to cell surface 
receptors. Their bactericidal mechanisms vary and may include pore formation, 
degradation of cellular DNA, disruption through specific cleavage of 16S rDNA and 
inhibition of peptidoglycan synthesis (De Vuyst and Vandamme, 1994). The producer 
bacterium contains an immunity gene for protection against its own BCN 
(Klaenhammer, 1993; Fremaux et al., 1993; Liss et al., 2000).  BCNs produced by 
lactic acid bacteria (LAB) are of particular interest due to their potential application in 
the food industry as natural preservatives. Many of these bacteria have “generally 
recognised as safe” (GRAS) status [21 CFR 170.35 (2011) - affirmation of GRAS 
status].  Furthermore, as the majority of BCN-producing LAB are natural food 
isolates, they are ideally suited to food and beverage applications (Fernandes et al., 
1987; Gong et al., 2010).  BCNs produced by Lactobacillus, Lactococcus and 
Pediococcus have been extensively studied. Most of the LAB BCNs identified so far 
are thermostable, cationic molecules that have up to 60 amino acid residues and 
hydrophobic patches (Juodeikiene et al., 2012). 
 
The most extensively studied BCN is nisin, which has gained widespread application 
in the food industry. This FDA-approved BCN is produced by the GRAS 
microorganism Lactococcus lactis. Nisin is used as a food additive in at least 48 
countries, particularly in dairy products, processed cheese and canned foods 
(Juodeikiene et al., 2012).  Other important BCNs, which are active against food- 
borne pathogens and spoilage bacteria, although not readily commercially available, 
include diplococcin, acidophilin, bulgarican, helveticin, lactacin and plantaricin. 
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Related compounds such as pediocin are the BCNs most widely used for food 
preservation (Tiwari et al., 2009c). 
 
BCN producer strains, Pediococcus pentosaceus and Pediococcus acidilactici, 
produce pediocins which include N5p, ST18 and PD1 (produced by P. pentosaceus), 
and AcH, PA-1 and JD (produced by P. acidilactici) (Anastasiadou et al., 2008). BCN 
ST44AM produced by P. pentosaceus in marula fruit may be a derivative of pediocin 
PA-1 (Todorov and Dicks, 2009). Most pediocins function over a wide range of pH 
values and are thermostable with efficacy against both spoilage and pathogenic 
organisms, e.g. Staphylococcus aureus, Listeria monocytogenes, Clostridium 
perfringens and Enterococcus faecalis (Tiwari et al., 2009c). Most pediocins are 
plasmid encoded and posttranslationally modified hydrophobic molecules, which 
share a similar N-terminal sequence. 
 
Lactobacillus plantarum is a non-pathogenic Gram-positive LAB and widely used for 
the production of fermented meat products all over the world.  BCN producing strains 
of L. plantarum and Lactobacillus pentosus (which are genomically closely related; 
Maldonado-Barragán et al., 2011) are from a range of ecological niches and display 
BCN activity against a wide range of spoilage and pathogenic bacteria.  
 
Globally, Listeria is estimated to cause about 500 deaths annually from 
approximately 1 600 cases of listeriosis alone (Ramaswamy et al., 2007). Numerous 
incidents of food-borne diseases have also been linked to fruit juice. Orange juice, 
for example, has been implicated as a transmission vehicle in many reported 
Hepatitis A virus and Salmonella outbreaks, and enterotoxigenic E. coli O157:H7 has 
been most often linked to unpasteurized apple cider (Vojdani et al., 2008). Finding 
the appropriate BCN(s) to inhibit and preferably eliminate these types of SPOs would 
prove to be of great health and economic benefit to juice consumers and producers 
alike. 
 
Application of BCNs in the food and beverage industry requires consideration of 
factors such as antimicrobial spectrum of activity, safety, economic feasibility and 
regulatory implications. Optimization of BCN production involves the large scale 
culture of producer strains in food grade ingredient-containing media, enhanced by 
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supplementation with specific nutrients for cell growth of the specific BCN producer. 
Increased BCN production conditions are those which normally provide high cell 
density (Ennahar et al., 2000; Javed, 2009).  
 
In this study, a similar approach was used to determine the most effective BCN for 
preserving juices. The BCNs used were from L. plantarum (isolated from sorghum 
beer) and P. pentosaceus 34.  
 
 
1.2 TAXONOMY AND GENETICS OF LACTIC ACID BACTERIA WHICH   
       PRODUCE BACTERIOCINS 
 
In addition to the fermentative and preserving properties of LAB, they are of 
industrial and economic importance due to their GRAS status (Schillinger et al., 
1996), and their ubiquitous appearance in food and contribution to the healthy 
microflora of human mucosal surfaces. The LAB genera comprise mainly of 
Lactobacillus, Pediococcus, Lactococcus, Leuconostoc, Streptococcus, 
Enterococcus, Aerococcus, Carnobacterium, Oenococcus, Vagococcus, 
Teragenococcus and Weisella (Sabia et al., 2002, 2004; Javed, 2009).  
 
Lactobacillus species are often similar in phenotypic and physiological 
characteristics, due to their co-development in similar ecological niches; hence they 
are difficult to differentiate (Singh et al., 2009).  Their classification was initially based 
on morphological, metabolic and physiological criteria. LAB are essentially made up 
of a diverse group of Gram-positive, nonmotile rod or coccus-shaped, nonspore- 
forming, catalase-lacking and chemo-organotrophic organisms which only grow in 
complex media (Aly et al., 2006). LAB use fermentable carbohydrates and long chain 
carbon alcohols as an energy source to form lactic acid (LA), as they degrade 
hexoses to lactate (homofermentative), or a combination of lactate and additional 
products such as ethanol, CO2, acetate, formate or succinate (heterofermentatives). 
They are commonly found in foods, e.g. vegetables, beverages, dairy products, 
fermented meats, sour dough and silage, ubiquitously distributed in different 
ecosystems, in sewage, in plants, as well as in intestinal, genital and respiratory 
tracts of animals and man. Methodologies for classification of LAB currently rely 
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mainly on 16S ribosomal ribonucleic acid (rRNA) analysis and sequencing, although 
Singh et al. (2009) suggested some alternative molecular markers. Consequently, 
Gram-positive bacteria are divided into two main groups depending on their guanine 
(G) and cytosine (C) content. The Clostridium branch have a combined G and C 
content below 50% (prokaryotes) and include typical LAB genera Lactobacillus, 
Pediococcus, Lactococcus, Streptococcus, Carnobacterium and Leuconostoc (Table 
1.1) (Aly et al., 2006), of which L. plantarum and P. pentosaceus are members. 
 
Table 1.1:   Lactic acid bacteria and taxonomic classification. 
Current genera Shape Catalase Nitrite 
reduction 
Fermentation 
Lactobacillus, Weissella  
Lactobacillus 
Lactobacillus, Carnobacterim 
Streptococcus, Enterococcus, 
Lactococcus, Vagococcus 
Leuconostoc, Oenococcus 
Weissella, Brochothrix 
Pediococcus, Tetragenococcus 
Rod 
Rod 
Rod 
Coccus 
 
Coccus 
Rod 
Coccus 
- 
- 
- 
- 
 
- 
+ 
  + a 
- 
- 
- 
- 
 
- 
+ 
+ 
Heterob 
Homoc 
Homoc  
Homoc 
 
Heterob  
Homoc  
Homoc 
Note: 
a: In general, Pediococci are catalase negative but some strains produce a pseudocatalase that 
results in false positive reactions. 
b: heterogeneous.  
c: homogeneous. 
Modified from Aly et al. (2006). 
 
The Lactobacillus genus belongs to the phylum Firmicutes, class Bacilli, order 
Lactobacillales and family Lactobacillaceae. A comprehensive review of Felis and 
Dellaglio (2007) summarised historic changes and the current taxonomy of 
lactobacilli. Since the emergence of molecular technologies, the taxonomy of 
lactobacilli, as for many other genera, has undergone several changes. Due to re-
classification of this species, the 173 recognized species (as of April 2011) were 
reduced to 141 after removing synonymous species names and are listed at 
http://www.bacterio.cict.fr/l/lactobacillus.html (Siezen and van Hylckama Vlieg, 
2011).  
 
The highly versatile L. plantarum is found in many different ecological niches, such 
as fish, meat, vegetables, dairy products and in the gastrointestinal tract (Table 1.2). 
L. plantarum is a facultative heterofermentative organism and is closely related to  
L. pentosus, L. paraplantarum and L. fabifermentans.  In LAB research, L. plantarum 
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has become one of the model micro-organisms, for which an extensive molecular 
and genomics tool box has been developed. 
 
Table 1.2:   BCNs produced by L. plantarum and L. pentosus. 
Organism Source BCN Reference 
L. plantarum  Wheat flour hydrolysate, 
Italy 
 
L. plantarum 21B Lavermicocca et al., 2000 
L. plantarum 
TMW1.25 
Sausage fermentation, 
Germany 
Plantaricin 1.25β 
 
Ehrmann et al., 2000 
 
 
L. plantarum 
 
Barley beer, South Africa 
 
L. plantarum ST13BR 
 
Todorov and Dicks, 
2004b 
 
L. plantarum strains Molasses, South Africa ST28MS and ST26MS Todorov and Dicks, 2005 
 
L. plantarum Ben saapga gruel, Spain L. plantarum C11 Omar et al., 2006 
 
L. plantarum J23  
 
Grape must, Spain 
 
BCN J23 
 
Rojo-Bezares et al., 2007 
 
L. plantarum 
KLDS1.0391  
 
‘‘Jiaoke”, fermented cream, 
China 
 
Plantaricin MG 
 
Gong et al., 2010 
 
L. pentosus B96 Green olives of “Azeiteira” 
cultivar, Portugal 
 
BCN B96 
 
Delgado et al., 2005 
 
L. pentosus 191,  
L. pentosus 204 
 
Sucuk, Turkey 
 
BCN 191 
BCN 204 
Çon and Gökalp, 2000  
 
L. pentosus TV35b 
 
Posterior fornix vaginal 
secretions, South Africa 
 
Pentocin TV35b 
 
Okkers et al., 1999 
 
L. pentosus 
ST151BR and 
ST112BR 
 
Home-brewed beer, South 
Africa 
 
BCN ST151BR and 
ST112BR 
 
Todorov and Dicks, 
2004a,b 
 
L. pentosus 
ST712BZ 
 
Boza, South Africa 
 
BCN ST712BZ  
 
Todorov and Dicks, 2007 
 
L. pentosus 31-1 
 
Fermented ham, China 
 
Pentocin 31-1  
 
Zhou et al., 2008 
 
L. pentosus DSM 
16366 
 
Spanish style green olive 
fermentation brines, Spain 
 
BCN DSM 16366 
 
Maldonado-Barragán et 
al., 2011 
 
L. pentosus IG1 Spanish-style green olive 
fermentations, Spain 
BCN IG1 
 
Maldonado-Barragán et 
al., 2011 
 
 
Siezen and van Hylckama Vlieg (2011) focussed specifically on the metabolic and 
genomic diversity of L. plantarum, illustrating the success of L. plantarum in industrial 
applications. They concluded that the comparative genomics of L. plantarum 
revealed a high degree of genomic versatility, diversity and flexibility, which are at 
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the core of its success in diverse applications and niches. Many of these cassettes 
are also found in other Gram-positive bacteria and LAB. L. plantarum has also been 
called a “natural metabolic engineer” due to its apparent ability to utilize and manage 
in particular, carbohydrates, which it can acquire, remove, substitute or shuffle in 
response to the diverse niche environmental conditions it occupies. Through its 
underlying genomic diversity, L. plantarum also has an enormous versatility in 
metabolic capacity, phenotypic properties and industrial applications (Siezen and 
van Hylckama Vlieg, 2011). 
 
Alternative methods of molecular detection / BCN producer selection versus 
phenotypic screening have been developed for identification and characterization of 
Lactobacillus species. Singh et al. (2009) reviewed various molecular techniques 
available for detection and identification within the genus Lactobacillus, with special 
emphasis on four groups of closely resembling species, namely Lactobacillus casei, 
L. acidophilus, Lactobacillus delbrueckii and L. plantarum; providing information on 
alternative molecular markers, other than the previously used 16S rRNA, to resolve 
the ambiguity within the Lactobacillus genus’s phylogenetically related species. 
Currently, the recA gene encoding for the bacterial DNA recombination protein is 
used (instead of 16S rRNA) for detection of L. plantarum (Ghotbi et al., 2011).  
 
 
1.3  CHARACTERISTICS OF BACTERIOCINS  
 
Studies by Fimland et al. (1998) on the primary and 3D structures of class IIa BCNs 
suggested that these polypeptides consist of two functional domains: a diverse 
amphiphilic or hydrophobic C-terminal alpha-helical domain and a well conserved 
hydrophilic N-terminal β-sheet domain. The latter domain may mediate, through 
electrostatic interaction, the nonspecific initial binding of the BCNs to target cells, 
whilst the C-terminal domain interacts with the hydrophobic section of the target cell 
membrane similar to those described for mesentericin Y 105 (Fleury et al., 1996), 
leucocin A (Fregeau Gallagher et al., 1997) and pediocin AcH (PA-1) (Miller et al., 
1998). 
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1.3.1 Classification 
 
Most LAB BCNs are classified into four distinct groups based on genetic and 
biochemical characteristics: (i) class I lantibiotics, small (< 5 kDa) polypeptides 
containing the unusual amino acid, lanthionine; (ii) class II, small (< 10 kDa), 
unmodified, heat-stable nonlantibiotics / nonlanthionine, membrane-active 
polypeptides; (iii) class III, large (> 30 kDa), heat-labile proteins; and (iv) class IV 
complex BCNs comprising protein and other chemical moieties, like lipids and 
carbohydrates (Klaenhammer, 1993; Aly et al., 2006). The class II BCNs do not 
undergo extensive posttranslational modifications (Cotter et al., 2005). Most class II 
BCNs kill by inducing membrane leakage in the target organism. Numerous class II 
BCNs (containing hydrophobic and cationic polypeptides) have been biochemically 
characterised, being differentiated into subgroups. Subclass IIa forms the largest 
subgroup, they are pediocin-like BCNs, have a conserved N-terminal sequence 
which enables nonspecific binding to the target cell surface and they are active 
against Listeria (Drider et al., 2006; Oppegård et al., 2007). These BCNs also form 
pores (similar to type A lantibiotics) in the cytoplasmic membrane (schematic 
examples of class IIa BCNs, i.e. leucocin A, sakacin P, carnobacteriocin B2 and 
curvacin A, are shown in Figure 1.1). It was assumed that the 3D structures of these 
class IIa BCNs’ N-terminal beta-sheet-like structures are relatively similar, due to 
their sequence similarities, and although their NMR structures exhibit some variation 
in the region, it could not be confirmed by the NMR structural analyses. It was also 
assumed that together with the alpha helix, a hairpin-like structure is formed by the 
C-terminal tails, following the central alpha helices of carnobacteriocin and B2 
leucocin A (Drider et al., 2006). 
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Figure 1.1: Schematic representation of 3D structures of four class IIa BCNs, which were determined 
by NMR. Taken from Drider et al. (2006). 
 
Subclass IIb are two-polypeptide BCNs, i.e. have two different polypeptides and form 
pores (Garneau et al., 2002; Héchard and Sahl, 2002). Sub-class IIc are sec-
dependent (secretion-dependent) BCNs, with a sec-type N-terminal signal sequence. 
They are processed and then secreted via the general secretory pathway (Nes et al., 
1996; Han et al., 2007; Todorov, 2009). Subclass IId are nonpediocin-like BCNs 
(Cotter et al., 2005; Dicks et al., 2011), as summarised in Table 1.3.  
 
Table 1.3:   Characteristics of different classes of BCNs.  
 
Class Characteristics 
Class I Lantibiotics. 
Class Ia Small (19-38 amino acids), elongated, positively charged polypeptides that form 
pores. 
Class Ib Globular polypeptides that interfere with essential enzymes. 
Class II Small, heat stable nonlanthionine containing BCNs, divided into four sub-classes. 
Class IIa Pediocin-like polypeptides that contain YGNGVXaaC consensus motif in their N-
terminus and are active against Listeria spp. 
Class IIb Two-peptide complex BCNs, requiring both polypeptides for activity. 
Class IIc Cyclic polypeptides, N- and C-terminal ends are covalently linked; sec-dependent 
BCN synthesized with sec-type N-terminal leader sequence, without a double-
glycine leader peptide, leading to processing and secretion via the sec pathway. 
Class IId Single nonpediocin-like and nonlanthionine polypeptides / BCNs (different to the 
first three Class II BCN classes).  
Class III Protein BCNs with molecular weights > 30 kDa. 
 Modified from Cotter et al. (2005), Drider et al. (2006), Oppegård et al. (2007) and Todorov (2009). 
 Xaa: unknown amino acid. 
 
In addition to the class I and II BCNs, another naming classification exists, named 
after their producing microorganism, which is specifically named after the genus, 
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species, or group of microorganisms, e.g. lantibiotics for BCNs of LAB, colicins of  
E. coli and klebisins of Klebsiella pneumoniae (Tiwari et al., 2009c). Further BCN 
examples, such as acidocin B, produced by L. acidophilus [which is active against  
L. monocytogenes, Clostridium sporogenes, Brochothrix thermosphacta, 
Lactobacillus fermentum and L. delbrueckii subsp. bulgaricus, but inactive against 
most other Lactobacillus species (Leer et al., 1995)]; enterococcin, produced by 
enterococci; colicins (a much studied BCN, encoded by the Col plasmids) originating 
from E. coli; enterocins from Enterococcus spp.; epidermin from Staphylococcus 
epidermidis and mutacins from Streptococcus mutans, exist. Only a single type of 
BCN is encoded for by a naturally occurring plasmid, colicins, which affect 
surrounding cells by disrupting their cell membranes (Javed, 2009). 
 
Class II BCNs of LAB have emerged as the most promising food preservation BCNs 
with better physicochemical properties and biological activity than most BCNs of 
other classes (Klaenhammer, 1993; Nes et al., 1996; Ennahar et al., 1999).  
 
1.3.2 Biosynthesis 
 
BCNs have a number of inherent characteristics, which distinguish them from other 
antimicrobial compounds, namely, they are synthesized on ribosomes, undergo post-
translational modifications, have low molecular weights, are non-toxic to eukaryotes 
and have a narrow spectrum of antimicrobial activity. Apart from a few genetic 
determinants, which are chromosomally encoded, most of the BCN’s genetic 
determinants are located on the plasmids (Nissen-Meyer and Nes, 1997; Javed, 
2009). Biosynthetic pathways of BCNs, with the main focus on class II BCNs (mainly 
from fermented plant products producing LAB), are discussed in this Section. BCNs 
are synthesized as biologically inactive prepeptides, which carry an N-terminal 
leader peptide, attached to a C-terminal propeptide (Hoover and Chen, 2005). 
 
Although limited to the early growth phase, BCN production demonstrated primary 
metabolite kinetics, according to Van den Berghe et al. (2006). The biomass or cell 
density was reported to be critical for “switching off” BCN production, and was 
dependent on the incubation temperature (normally 20 - 40°C) and medium pH 
(normally pH 5.5 - 8.0 for enterocins) (Van den Berghe et al., 2006). BCN 
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biosynthesis-encoding genes are arranged in clusters located on either the plasmids 
or chromosomes or possibly on both, if on a transposon. Class II producing genes 
are functionally fairly similar to the genes of class I, in that they include an immunity 
gene, a structural gene, and two genes encoding for a membrane-associated 
adenosine triphosphate (ATP)-dependent transporter binding cassette, as well as an 
accessory protein. Once a protease cleaves the leader peptide, the structural genes 
also encode a leader peptide with a prepeptide, which becomes active. The leader 
peptide of class IIa BCNs has double-Gly residues, which act as a processing site, 
and once the leader peptide has been cleaved the BCN is secreted (Dicks et al., 
2011). 
 
Class II BCNs, except for very few containing a sec-dependent signal sequence 
(class IIc), are synthesized in a preform containing the N-terminal double-Gly leader, 
which are simultaneously processed with externalisation by a dedicated ABC-
transporter, possessing an N-terminal proteolytic domain. All ABC-transporters 
generally contain two domains, a cytoplasmic ATP-binding domain and a 
hydrophobic integral membrane domain, which are involved in the translocation of 
BCNs.  The production of some class II BCNs, i.e. sakacin P of L. sake and 
plantaricin of L. plantarum CL 1, have been shown to be translationally regulated 
through a signal transduction system comprised of an autoregulatory response, an 
induction factor (IF), a His protein kinase (HPK) and a response regulator (RR). IF is 
required for the triggering / induction of BCN synthesis as well as to maintain BCN 
production ( Håvarstein et al., 1995; Nes et al., 1996).  
 
Prokaryotic organisms, however, possess the genetic elements common for a two-
component regulatory system, i.e. a sensor HPK gene and an RR gene, and have 
been related to BCN production. A nucleotide sequence of a class II BCN gene 
encoding a possible immunity protein was found in the plantaricin ABCD (pln ABCD) 
operon. Thus, it is understood that the pln ABCD operon encodes the regulatory 
system comprised of the three elements (IF, HPK and RR). It has been observed 
that there are structural differences between BCNs and regulator peptides, the latter 
normally being much shorter in length (Nes et al., 1996). A recent schematic 
overview of the induction cycle and biosynthetic pathway of class II BCNs in a cell is 
shown in Figure 1.2 (Juodeikiene et al., 2012). Class I nisin, however, can auto-
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regulate its own production by acting as an extracellular signal leading to 
translational activation of the genes required for its biosynthesis (Kuipers et al., 
1995; Nes et al., 1996).  
 
 
Figure 1.2: A schematic diagram of the biosynthesis sequence of class II BCNs. 1. formation of pre-
BCN and prepeptide of IF; 2. processing of the pre-BCN and pre-IF, and translocation by the ABC-
transporter system, resulting in the release of mature BCN and IF; 3. HPK senses the presence of IF 
and auto-phosphorylates; 4. phosphoryl group (P) is transferred to the RR; 5. RR activation of the 
regulated genes’ transcription; and 6. immunity of producer maintained. Modified from Drider et al. 
(2006) and Juodeikiene et al. (2012). 
 
1.3.3 Mode of action 
 
Various molecular mechanisms of action responsible for the antibacterial activity of 
BCNs have been proposed. These include membrane perturbation, disruption of cell 
wall biosynthesis or cell division, and / or translocation across the membrane to 
interact with cytoplasmic targets (Fjell et al., 2012). Plasmid-containing cells 
encoding for a BCN, can destroy surrounding cells where no plasmid is present 
(Nissen-Meyer and Nes, 1997; Javed, 2009). 
 
The positively charged BCN initially interacts with the negatively charged lipid heads 
of the outer surface of the cytoplasmic membrane, then, in a parallel orientation to 
the bilayer, the polypeptide is inserted into the outer leaflet of the cytoplasmic 
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membrane lipid bilayer leading to the displacement of lipids. Possible alterations in 
membrane structure, including thinning, pore formation, curvature alteration, 
localised perturbations and modified electrostatics may result in the re-orientation of 
polypeptide molecules in the membrane. Ultimately, the polypeptides diffuse into the 
cytoplasm to reach intracellular targets by translocation through the cytoplasmic 
membrane of the target microorganism, which results in a loss of ions, intracellular 
molecules and collapse of the proton motive force (PMF). Results of studies on class 
IIa BCNs, i.e. pediocin PA-1, suggest that permeabilisation of the target cell 
membrane is induced by the BCN, probably by forming ion-selective pores which 
cause dissipation of the PMF and depletion of intracellular ATP (Drider et. al., 2006). 
 
The mode of action of class Ia lantibiotics has been extensively studied as a result of 
various industrial applications. Nisin (produced by L. lactis through fermentation of a 
modified milk medium) functions by preventing cell wall synthesis on binding to lipid 
II (main transporter of peptidoglycan subunits from cytoplasm to cell wall) on the cell 
wall surface, with the insertion of the polypeptide into the phospholipid bilayer of the 
cell membrane, causing pore formation, leading to cell death by causing drastic 
changes in permeability, i.e. the PMF of sensitive organisms is thus disrupted. This 
in turn disrupts ATP synthesis and causes efflux of solutes, ions and small 
molecules, forcing cessation of biosynthetic processes in the cell whilst also 
inhibiting peptidoglycan and lipid synthesis (Dicks et al., 2011). Nisin, however, is 
less effective on Gram-negative bacteria because their outer membrane disables the 
entry of this molecule to the action site (Tiwari et al., 2009c).  
 
In summary, the class I lantibiotics (e.g. nisin) have a dual mode of action (binding to 
and using lipid II as docking molecule for membrane insertion), class II BCNs kill 
cells by induction of membrane permeabilisation and molecular leakage, and class III 
bacteriolysins, cause lysis by interacting directly with the cell wall of Gram-positive 
target cells (Juodeikiene et al., 2012) (Figure 1.3). 
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Class II             Class I        Class III  
(Sakacin)             (Nisin)  Bacteriolysins (Lysostaphin) 
 
Figure 1.3: Mode of action of BCNs from lactic acid bacteria from class I, II and III. Modified from 
Juodeikiene et al. (2012). 
 
Unlike most antibiotics, which usually target specific proteins, many BCNs act on 
generalised targets or bacterial membranes. Development of microbial resistance by 
gene mutation is less likely, which creates an advantage for BCNs (Peschel and 
Sahl, 2006; Nguyen et al., 2011). 
 
1.3.4 Spectrum of antimicrobial activity 
 
Class IIa BCNs in general have a fairly narrow spectrum of activity (Drider et al., 
2006). All class IIa BCNs have been described as having activity against Listeria, as 
well as some other Gram-positive pathogenic bacteria, e.g. Enterococcus spp. and 
Clostridium spp. Antimicrobial activity is well documented for all isolated pediocins, 
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however, comparison of their potencies is difficult. Practical challenges come from 
the range of different assays and indicators used for assessment of antimicrobial 
activity. One of the most sensitive indicator microorganisms used for assessing 
inhibitory activity was L. monocytogenes, where, e.g. it was used for BCNs enterocin 
A and pediocin AcH/PA-1, which also inhibited more strains than curvacin A and 
sakacin P (Drider et al., 2006). Increased potency was hypothesized to be as a result 
of an extra C-terminal disulfide bridge, where, in pediocin-like BCNs, this extra 
disulfide bridge contributed to an increased antibacterial spectrum, as well as to an 
increased potency at higher temperatures (Drider et al., 2006). 
 
The antimicrobial activity of some BCNs, i.e. pediocin AcH/PA-1 and pediocin AcM, 
has been well studied. They inhibited a large number of bacteria, including many 
species in the genera of Lactobacillus, Lactococcus, Listeria, Leuconostoc, 
Pediococcus and Enterococcus (Kang and Lee, 2005; Deegan et al., 2006; Drider et 
al., 2006; Anastasiadou et al., 2008; Papagianni and Anastasiadou, 2009). Another 
well studied BCN, with respect to its production and antimicrobial spectrum, is 
pediocin SA-1, produced by P. acidilactici NRRL B 5627 strain, which inhibited 
several food spoilage bacteria and pathogens (Anastasiadou et al., 2008).  
 
Within the class IIa BCNs there is a high degree of structural similarity. However, 
sensitivities of target bacteria vary markedly. Various reasons for this exist, e.g. cell 
surface structures with which BCNs interact, composition of cell membranes and the 
plausible insensitive antibacterial assays (Papagianni and Anastasiadou, 2009).  
 
Compared to class I BCNs, class IIa BCNs generally have a relatively narrow killing 
spectrum, and only closely related Gram-positive bacteria are inhibited (Heng et al., 
2007). Pediocin, however, is reported to have a relatively broad spectrum of activity, 
inhibiting S. aureus and vegetative cells of Listeria, Clostridium and Bacillus spp. 
BCN produced by Lactobacillus CA 44 strain (isolated from carrot fermentation), 
however, demonstrated maximum antimicrobial activity against E. coli, B. cereus and 
S. aureus. This BCN was also effective against B. cereus in juice, pulp and wine, 
showing its potential biopreservative application in different fruit products (Joshi et 
al., 2006; Juodeikiene et al., 2012).  
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1.4 PHYSICOCHEMICAL AND BIOCHEMICAL PROPERTIES OF BACTERIOCINS 
 
There are various strategies and techniques for purification of BCNs from LAB 
(Pingitore et al., 2007). The purification and characterisation of BCNs from different 
LAB (such as enterocin, salivaricin, plantaracin and pediocin) are useful for providing 
information about the structure, mechanism of action and other physicochemical and 
biochemical characteristics, which helps in the isolation of BCN biosynthetic genes. 
Among the best known BCNs for physicochemical and biochemical characteristics, 
are pediocins from P. pentosaceus, P. acidilactici and P. damnosus strains, which 
are mostly small proteins and hydrophobic in nature. They are also sensitive to most 
proteases and their antibacterial activity is stable to cold treatment (down to -80°C) 
as well as heat treatment (even at sterilization temperatures) and is retained over a 
wide pH range. These characteristics are common in a number of BCNs such as in 
the pediocin comparisons shown in Table 1.4 and may explain differences in 
antimicrobial spectra found in the various BCNs (Papagianni and Anastasiadou, 
2009). 
 
Table 1.4:   Effect of temperature, pH and proteolytic enzymes on the antimicrobial activity of 
various isolated pediocins.  
 
Treatment 
 Temperature pH  Proteolytic enzymes 
 
Pediocin 
100ºC / 
60 min 
121ºC / 
60 min 
2-10 4-7 Pepsin Papain Trypsin Protein-
ase K 
Reference 
SM-1 + + + + - - - - Anastasiadou et al., 
2008 
pK23-2 + + + + - ND ND - Shin et al., 2008 
SA-1 + + + + + + + - Anastasiadou et al., 
2008 
ACCEL + ± + + - - - - Wu et al., 2004 
PD-1 + + + + + + + - Green et al., 1997 
SJ-1 + + - + ND - - - Schved et al., 1993 
N5p + + - + ND ND ND ND Strässer et al., 1995 
AcH + + + + ND - - - Bhunia et al., 1988 
PA-1 + ± + + - - ND ND Gonzales and 
Kunka, 1987 
Note: 
+: Activity. 
 -: Absence of any activity. 
ND: not determined. 
Modified from Papagianni and Anastasiadou (2009). 
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Comparatively, the BCN from Lactobacillus CA 44 strain was stable up to 100°C, but 
exhibited lower activity at 68°C and was inactive at 121°C. Within a pH range of 4 - 
5, its maximum antimicrobial activity was retained, but was adversely affected by 
papain addition (Joshi et al., 2006; Juodeikiene et al., 2012). 
 
All class IIa BCNs have unstructured, random coil structures when in water, 
however, in non-polar solvents or in hydrophobic environments, they assume a 
defined conformation (Drider et al., 2006). Their defined structure and antimicrobial 
activity are affected by environmental factors such as pH and temperature 
(Papagianni and Anastasiadou, 2009).  
 
 
1.5 APPLICATION OF BACTERIOCINS  
 
In order to preserve nutritional and sensory aspects of foods, non-traditional 
preservation techniques, e.g. the use of BCNs, are being developed. Foods are 
generally thermally processed, with temperatures ranging from 60 - 100°C for 
durations of one minute to a few seconds in order to kill vegetative spoilage 
microorganisms. Heat treatment, however, can trigger unwanted reactions, resulting 
in undesirable organoleptic and nutritional effects, as well as health hazards. These 
concerns (especially food safety assurance) have led to an increased focus on 
alternative and improved natural preservation techniques for inactivating 
microorganisms and enzymes in food, using preservatives derived from animals, 
plants or microflora which can extend product life (Tiwari et al., 2009c).  
 
1.5.1 Bio-preservation of food 
 
LAB have historically been used in the preservation of foods such as dairy, meat and 
fermented foods by producing a variety of antimicrobial substances, known to inhibit 
undesirable food spoilage and pathogenic bacteria. Such components being 
responsible for the biopreservative action in foods and beverages, include organic 
acids (like acetic acid and LA), carbon dioxide, hydrogen peroxide, diacetyl, ethanol 
and low molecular weight BCNs (Table 1.5) (Gould, 1992; De Vuyst and Vandamme, 
1994; Holzapfel et al., 1995; Vaughan et al., 2005). The application of some of these 
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substances to improve the stability, specifically of wort, malt and beer, was reported 
by Vaughan et al. (2005). 
 
LAB-producing BCNs, such as L. plantarum, are now also more specifically being 
used in the natural preservation of various foods, with antibacterial activity against 
SPOs, including S. aureus, L. monocytogenes and Clostridium botulinum 
(Moghadam, 2009; Javed, 2009). In food fermentation processes, such as cheese 
manufacture, the use of bacteriocinogenic LAB strains as starter or co-cultures is a 
promising alternative, both to combat Listeria spp. and to prevent “late blowing” by 
gaseous excretion from SPOs (Javed, 2009). Nisin is used in the cheese industry as 
it is highly active against the growth of many of the Gram-positive bacteria such as 
Clostridium spp. Nisin has also been evaluated in terms of its efficacy against 
various pathogens and its use for different food products such as inhibiting microbial 
growth in ground beef, sausages, liquid whole egg and poultry. It has also been 
reported to suppress subsequent growth in ready-to-eat (RTE) meat products and 
reduce initial levels of L. monocytogenes (Tiwari et al., 2009a). 
 
Table 1.5:   Examples of biopreservation of food and beverages by BCN-producing LAB.  
 
Product  LAB BCNa 
Beer Lactobacillus spp. 
Lactococcus lactis 
BB 7/3 
Nisin 
Wine L. plantarum 
L. lactis 
Plantaricin  
Nisin 
Sourdough  Lactobacillus bavaricus  Bavaricin A 
Cheese L. lactis  
Enterococcus spp. 
Nisin 
Enterocin 
Soft cheese  Lb. planarum Pediocin AcH 
Yoghurt Streptococcus thermophilus 
L. acidophilus 
Thermophilin 347209 
Lactacin B 
Kefir  L. lactis Lacticin 3147   
Meat  Pediococcus acidilactici 
Lactobacillus sake 
Carnobacterium piscicola 
Leuconostoc gelidum 
Pediocin AcH 
Sakacin A 
Piscicolin LV17  
Leucocin A 
Fish Carnobacterium piscicola 
Carnobacterium divergens 
Piscicolin V1  
Divercin V41 
Note: 
a: BCNs (where described) have either been applied as a biopreservative or were isolated from  
a starter culture in commercial fermented food. 
Taken from Vaughan et al. (2005). 
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In order to guarantee the safety and quality of foods and beverages, such as 
fermented meats and vegetables, fish and dairy products, and beer and wine, 
interest in application of BCN-producing bacteria / or their BCNs as biopreservatives 
is increasing (Deegan et al., 2006; Vaughan et al., 2005; Basanta et al., 2009). 
  
Three main approaches for the use of BCNs as food biopreservatives have been 
proposed: (i) as a food additive; addition of a purified / semi-purified BCN 
preparation; (ii) as a food ingredient; using a substrate previously fermented by a 
BCN-producing strain; and / or (iii) inoculation with a BCN producer culture in 
fermented foods, to produce the BCN in situ (Cotter et. al., 2005; Deegan et al., 
2006). The most widely characterized BCN is lantibiotic nisin and it has been legally 
approved for use in at least 48 countries as a food additive in certain types of 
cheeses, and also in New Zealand and Australia as a beer additive. The 
development of the other BCN-based food biopreservation strategies have, however, 
been discouraged, because of the difficulties encountered in addressing regulatory 
approval of new BCNs as food additives (Cotter et. al., 2005; Drider et al., 2006; 
Basanta et al., 2009). 
 
1.5.2 BCNs used in beverages (juices) 
 
Effective control of Alicyclobacillus acidoterrestris in fruit juices by application of nisin 
has been reported (Komitopoulou et al., 1999). Nisin could inhibit LAB growth for 
over 28 and 35 days, at levels of 6.25 and 25 μg/g, respectively (Tiwari et al., 
2009c). Novel fermented juices can also be derived by BCNs produced from LAB 
fermentation of sweet potato, from which self-preserved lacto-juice is produced. 
Lacto-juices processed by such LA fermentation result in a wider range of beverage 
assortment for their vitamins, minerals and nutritive value, which when consumed 
are beneficial to human health (Ray and Panda, 2007). By fermentation of β-
carotene and anthocyanin-rich sweet potato cultivars by inoculating with LAB,  
L. plantarum MTCC 1407, at 28 ± 2°C for 48 h, lacto-juice was produced. The 
fermented sweet potato lacto-juice was subjected to sensory (texture, taste, aroma, 
flavour and aftertaste) panelist evaluation for acceptability (Panda and Ray, 2008; 
Panda et al., 2009; Ray and Sivakumar, 2009). 
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It is apparent that some juices such as muscadine juice from muscadine grapes 
(Vitis rotundifolia Michx), which contain a large variety of antioxidant phytonutrients, 
do have a measure of self-preservation and antimicrobial activity against spoilage 
organisms (i.e. E. coli O157:H7, which can survive in acidic environments for long 
periods and cause haemorrhagic colitis and haemolytic uremic syndrome, also 
known as travelers’ diarrhea) (Kim et al., 2009). The juices’ safety for human 
consumption could likely be enhanced through the application of a suitable BCN. 
The muscadine juice’s action against E. coli O157:H7 was due to the polar fractions 
of the juice such as malic, tannic and tartaric acids, which exhibited the antibacterial 
activity. However, because of their variation in acid and sugar content, differing 
antimicrobial action resulted from different juice batches. Another interesting finding 
was that sugars in muscadine juice appeared partly to inhibit antimicrobial activity 
against E. coli O157:H7 (Kim et al., 2009); this could be linked to water activity (Aw) 
which may affect natural BCN availability to kill off spoilage organisms.  
 
Preservation through non-thermal methods is of great interest to the beverage and 
food industry, making it possible to guarantee the microbiological safety of a product 
while minimising undesirable sensory effects on product quality. Supplementing the 
use of BCNs (such as enterocin AS-48 and nisin), by high pressure and high-
intensity pulsed-electric field (HIPEF) techniques, is of special interest (Sobrino-
Lopez et al., 2009).  
 
1.5.3 BCN producing bacteria as probiotics 
  
Probiotics are health-promoting micro-organisms which have been shown to alleviate 
lactose intolerance. They are antagonistic towards pathogens, reduce serum 
cholesterol levels, have anti-inflammatory effects and anti-carcinogenic effects 
(Scarpellini et al., 2008). Their popularity has resulted in a rapid growth in the 
number of commercial probiotic strains used in new probiotic-containing functional 
foods, such as cheese. Compared to fermented milk products or yoghurts, it has 
been suggested that cheese may be a better medium for probiotic bacteria because 
of its solid matrix, fat content, low-oxygen levels, higher pH and storage 
temperatures. Probiotic strain survival in food matrices throughout their shelf-life is 
crucial to their functioning (Sreekumar et al., 2009). Other good vehicles to deliver 
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probiotic microorganisms to consumers are probiotic juice and milk-based 
beverages. Some probiotic bacteria may be used to produce functional drinks with a 
concomitant increase in shelf-life (Daneshi et al., 2013). Four probiotic strains 
[Bifidobacterium animalis subsp. lactis BB12, L. acidophilus LA5, L. plantarum 
subsp. Plantarum (DSM No. 20179) and Lactobacillus rhamnosus (ID 100271)] 
demonstrated good viability in carrot juice and non-fermented milk (Daneshi et al., 
2013). 
 
Probiotics (synonymous with BCNs) have various additional positive effects: 
protection from intestinal infections, relief of constipation, anticholesterolaemic 
effects, immunostimulatory effects, nutrient synthesis and bioavailability, and 
prevention of genital and urinary tract infections (Aly et al., 2006). Most probiotics 
from LAB strains from genera Lactobacillus, Bifidobacterium and Enterococcus are 
typically chemo-organotrophic and ferment carbohydrates with LA as a major end 
product (Fuller, 1989; Javed, 2009). 
 
1.6 BACTERIOCINS AND HAZARD ANALYSIS CRITICAL CONTROL POINT 
       DETERMINATION 
 
Food producers design their processes to meet performance objectives (POs), which 
can be set at specific points throughout the food chain to assure food safety. 
Regulatory authorities are concerned whether a group of products or the 
consequences of a series of processing steps at the time of consumption meets the 
food safety objective (FSO) in order to be certain that those foods achieve levels that 
are consistent with the appropriate level of protection (ALOP) (Zwietering et al., 
2010).  
 
Various control measures include the appropriate selection of food materials and 
ingredients at the initial stage of food processing or the food chain, and intensive 
protocols to reduce or eliminate contamination by washing, heating, disinfecting and 
many other measures. Control measures are also designed to prevent possible or 
predicted increases of microbiological hazards during transportation and storage, by 
cross-contamination during processing of the foods, or even by recontamination after 
processing and during packaging, distribution, retail and consumer storage 
(Zwietering et al., 2010). 
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Control measures need to be validated to determine whether the products will meet 
the food safety performance objectives (FSPOs); however, depending upon the 
standpoints, different elements of the food industry may take the role of validating 
the critical control points (CCPs) within a hazard analysis critical control point 
(HACCP) plan. Food producers should validate the control measures taken in the 
processes under their responsibility and validation should be focused on the ability of 
the control measures to meet the designated FSPO. For appropriate validation of a 
process, both “within-batch” and “between-batch” variability must be considered 
(Zwietering et al., 2010). 
 
Although biological preservation cannot substitute good manufacturing practice 
(GMP), it does, however, offer an additional processing parameter for improving food 
safety and quality assurance (Holzapfel et al., 1995). Food processors can apply 
BCN production to provide an additional barrier to undesirable bacterial growth in 
foods (Table 1.6) (Tiwari et al., 2009c). 
 
Table 1.6:   Effect of BCNs on quality and food preservation / safety.  
 
Food product Antimicrobial 
agent 
(concentration) 
Microbial dynamics Quality attributes 
Tomato juice Nisin (0.004%) Total plate count (↓) Shelf life (↑), vitamin C (~) 
Fresh cut  
watermelon 
Nisin (25 μg/ml) L. monocytogenes (0.8 LR) Quality (↑) 
Wine Nisin LAB (minimum inhibitory 
concentration, MIC 0.39 
mg/ml) 
Oenococcus oeni (MIC 0.01 
mg/ml) 
Acetic acid bacteria (MIC 1.5 
mg/ml) 
 
Milk Reuterin (8 AU/ml) 
Nisin (100 lU/ml) 
L. monocytogenes (4.59 LR) 
S. aureus counts (5.45 LR) 
 
Skimmed milk 
powder 
Nisin (100 lU/ml) L. innocua (3.8 LR)  
Chicken meat Nisin 
 
E. coli (<1 LR) 
 
Proximate composition (~) 
Shelf life (↑) 
Pork bologna Nisin (125 μg/ml) L. monocytogenes (1.5 LR)  
Note: 
AU: arbitrary units; defined as the inverse of the highest serial two-fold dilution that did not allow 
growth of the indicator strain.  
IU: International units for biological (antimicrobial) activity. 
Increase and decrease are indicated by  and , respectively. 
No significant difference is indicated by∼. 
LR: microbial log reduction. 
Modified from Tiwari et al. (2009c). 
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1.7  SCOPE AND OBJECTIVES 
Carefully selected BCNs, applied as natural preservatives in the food and beverage 
(especially juices) industry can assist with the control of pathogenic and spoilage 
bacteria and fungi. This can be achieved through the correct, rigorous selection and 
application of the most effective BCN to juices (e.g. citrus), at the microbiological 
CCPs in food safety management (FSM) systems, applied by means of a HACCP 
plan. Existing food and beverage preservatives, such as sodium benzoate (SB), 
ascorbic acid and sulphur, are known to be carcinogenic, cause undesirable effects 
and allergic reactions, respectively. Synthetic preservative replacement with BCNs 
would be worthwhile for product preservation.  
 
1.7.1 Hypothesis 
LAB BCN production can be optimised in juice media and applied to RTD juice as a 
preservative, for implementation in a juice industry FSM system.   
 
1.7.2 Objectives 
1. To select and screen BCN producer(s) for antimicrobial activity against target 
SPOs isolated from juice. 
2. To identify and optimise production of BCN from L. plantarum within juice 
medium with supplements, i.e. whey, soya, Tween 80, MnSO4.H2O and 
glucose. 
3. To investigate the industrial application of BCN from L. plantarum as a 
preservative in fruit juice. 
4. To establish a HACCP plan, using the BCN at a CCP, for implementation in a 
juice industry FSM system. 
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CHAPTER TWO 
 
MATERIALS AND METHODS 
 
 
2.1 BACTERIOCIN PRODUCERS AND SPOILAGE ORGANISMS: BACTERIA, 
YEASTS AND MOULDS 
 
The bacteria, yeasts and moulds used in this study, and the media they were 
cultivated in, are listed in Tables 2.1 - 2.4 (Bodley and Dicks, 2003). Media included 
De Man-Rogosa-Sharpe (MRS) [Merck], potato dextrose agar (PDA) [Merck], 
standard medium 1 (ST-1), yeast extract (YEL) containing sodium DL-lactate  
(10 g/litre) [Merck] and yeast extract (10 g/litre) (pH 6.8), yeast medium (YM), 
maltose-glucose (MG), mannitol [Oxoid] and Thermo-acidophilic bacteria (TAB)  
medium [Merck]. The media were prepared as broth, agar plates (15 g/litre; 1.5% 
m/v) and soft / pour agar (7.5 g/litre; 0.75% m/v). Biochemical tests using Analytical 
Profile Index (API) strips, Voges Proskauer (VP) method (Barry and Feeney, 1967) 
and light microscopy (100x magnification FA03 objective with immersion oil) were 
used to confirm identification and purity of strains.  
 
The BCN producers (Table 2.1) and spoilage organism (SPO) (Table 2.2) strains 
were cultured in the specific broth (0.1 ml of 24 h culture and 9.9 ml relevant broth 
media) prior to use for growth and enumeration studies. 
 
Table 2.1:   BCN producers incubated for 24 h at 30°C, except Enterococcus faecalis 
at 37°C. 
 
Growth medium BCN producer strain 
MRS Lactobacillus plantarum 
Lactobacillus casei (BDN) 
Pediococcus acidilactici PAC.1.0 
Pediococcus pentosaceus 34  
Enterococcus faecalis AS-48 var.77 BFE 1071 
YEL Propionibacterium jensennii 
ST-1 Lactococcus lactis BFE 901 
Lactococcus lactis BFE 902 
Lactococcus lactis BFE 903 
Lactococcus lactis BFE 920 
Lactococcus lactis BFE 2072 
Juice: Clementine + Valencia Lactobacillus plantarum 
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Table 2.2:   Bacterial target SPOs and growth media incubated at 30°C for 24 h. 
 
Growth medium Bacterial target SPO 
MRS and Juice (Clementine + Valencia) Lactobacillus brevis Lb 826 
Lactobacillus brevis  DSM 20054 
MRS Lactobacillus sakei LMG 13558 
MRS Lactobacillus sakei  DSM 20017 
MRS Lactobacillus acidophilus  NCFB 104 
MRS Lactobacillus acidophilus  NCFB 1360  
MRS Lactobacillus acidophilus  NCFB 1417 
MRS Lactobacillus acidophilus  NCFB 2473 
MRS Lactobacillus acidophilus  NCFB 2660 
MRS Lactobacillus gasseri  P79 
MRS Lactobacillus gasseri  DSM 28077 
MRS Lactobacillus johnsonii (Omniflora) 
MRS Lactobacillus gallinarum  NCFB 2235 
MRS Lactobacillus gallinarum  DSM10532  
MRS Lactobacillus fermentum  DSM 2085 
MRS Lactobacillus reuteri  DSM 20015 
MRS Lactobacillus reuteri  DSM 20016 
MRS Lactobacillus reuteri  DSM 20053 
MRS Lactobacillus rhamnosus  DSM 20711 
MRS Lactobacillus rhamnosus  DSM 20245 
MRS Lactobacillus rhamnosus  DSM 8745 
Mannitol Acetobacter aceti ATCC 15973  
Mannitol Acetobacter spp. ATCC 8303 
Mannitol Acetobacter pasteurianus ATCC 9432 
Mannitol Acetobacter pasteurianus ATCC 23752  
Mannitol Acetobacter pasteurianus ATCC 23754 
MRS Leuconostoc mesenteroides DSM 20343 
MRS Oenococcus oeni DSM 20252 
MRS Streptococcus thermophilus NCIMB 50083 
MRS Pediococcus damnosus NCIMB 50065 
MRS Pediococcus pentosaceus DSM 20336 
MRS Pediococcus acidilactici DSM 20333 
MRS Lactobacillus buchneri NCIMB 50044 
MRS Lactobacillus paracasei sp tolerans DSM 20258 
MRS Lactobacillus plantarum DSM 20174 
MRS Listeria innocua WS 2257 
MRS Enterobacter cloacae BFE 862 
MRS Gluconobacter oxydans DSM 46615   
MRS Lactobacillus perolens DSM 12744 
MRS Lactobacillus perolens DSM 12745 
MRS Lactobacillus collinoides DSM 20515 
MRS Lactobacillus kunkei DSM 12361 
YEL Propionibacterium jensennii DSM 402 
YEL Rhodospirillaceae DSM 2498 
YEL 
BAT 
Alicyclobacillus acidoterrestris 
Alicyclobacillus acidoterrestris 
Juice: Clementine + Valencia Lactobacillus hilgardi  
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Yeast and mould target SPOs used are indicated in Table 2.3. Moulds were initially 
grown in broth culture at 25°C for 5 - 7 days. The moulds were harvested by 
transferring 5 loops full of culture into 500 µl polysorbate. This suspension was 
added to MG Broth (50 ml in 100 ml conical flasks), shaken mildly (103 rpm) at 25°C 
for 4 days, and thereafter 100 µl of yeast or the mycelium suspension were mixed 
into soft YM or MG agar, respectively, and poured onto overlay plates.   
 
Table 2.3:   Yeast and mould target SPOs, incubated at 27°C and 25°C for 24 h and 48 h, 
respectively. 
 
Target SPO 
Yeasts Moulds 
Zygosaccharomyces bailii DSM 70492 Neosartorya fischeri BFE 375 
Saccharomyces cerevisiae BFE isolate Aspergillus niger BFE 364 
Rhodotorula mucilaginosa CCY 20-1-1 Botrytis cinerea BFE 568 
Zygosaccharomyces microellipsoides DSM 70519 Byssochlamys fulva BFE 218 
Zygosaccharomyces rouxii DSM 2531 Geotrichum candidum BFE 221 
Pichia anomala DSM 3683 Penicillium citrinum BFE 397 
Pichia membranae faciens DSM 70367 Penicillium expansum BFE 559 
 Talaromyces flavus BFE 372 
 
 
SPOs isolated from spoilt juices were also used as target organisms for screening 
antimicrobial activity of BCN producers (Table 2.4). 
 
Table 2.4:   Naturally occurring SPOs isolated from juices, incubated at 27°C for 24 h. 
 
Medium Juice SPO 
MRS Brochothrix campestris 
MRS Bacillus spp. A  
MRS Bacillus licheniformis 
MRS Bacillus fastidiousus / brevis 
MRS Bacillus spp. D 
MRS Bacillus spp. E 
MRS Pseudomonas aeruginosa 
MRS Pediococcus spp. 
YM Pichia fermentans 
 
 
2.2   ISOLATION AND IDENTIFICATION OF JUICE SPOILAGE ORGANISMS 
 
The most applicable juice SPOs were selected based on the following factors:  
(i) literature reviews, (ii) consultation with academics from Germany, 
Bundesforshungsanstahldt für Ernarung (BFE), Karlsruhe, and (iii) biochemical and 
microbiological analysis of juice content. Isolation of SPOs from various juice 
samples supplied by Valor (Pty) Ltd, South Africa, was performed as indicated in 
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Table 2.5.  Sugar content (°Brix) was measured using a refractometer [Sartorius]. 
The juice samples were initially plated onto dextrose casein-peptone agar, ST-1 
(Merck), VRBD and MRS agar (Burkhardt, 1992).   
 
Table 2.5:   Microbiological evaluation of the quality of juice samples from Valor (Pty) Ltd 
under anaerobic and aerobic conditions.  
 
Note:  
B#: Batch number 
 
Spoiled juice samples were also subjected to incubation at 55°C to determine if any 
of the SPOs present were thermophilic. Further catalase tests on the SPOs were 
conducted in order to determine whether they were LAB. Techniques included: 
microscopy, Gram staining, catalase activity, VP method, spore stains, optimisation 
of growth temperature, NaCI addition (7% m/v), polymyxin pyruvate egg yolk 
mannitol bromothymol blue agar (PEMBA) (green indicator colour, positive for LAB), 
mannitol egg yolk polymyxin (MYP) (eosin pink indicator colour for Bacillus 
cereus), violet red bile dextrose (VRBD) agar, gas production, carbohydrate 
metabolism (glucose, manitose, arabinose and xylitol), anaerobic growth conditions 
(candle jar) (37°C) and API (Burkhardt, 1992). 
 
 
 
Detection organisms Yeasts 
and 
moulds 
Total 
organisms 
Lactic 
acid 
bacteria 
(LAB) 
Enterococcus 
spp. 
Bacillus 
spp. 
Incubation temperature 
 
25°C  30°C 30°C  37°C 37°C 
Medium PDA ST-1 MRS VRBD Dextrose 
casein-
peptone 
agar 
Juice samples  Dilutions Plated 
Clementine conc. B# 20/00 undiluted undiluted undiluted undiluted undiluted 
Valencia conc. B# 20/00 65°Brix 10-1 10-1 10-1 undiluted undiluted 
Satsuma conc. B# OC 2701 
(58.7°Brix) 
10-1 10-1 10-1 undiluted undiluted 
Apricot puree B# 12509 undiluted 10-1 undiluted undiluted undiluted 
Peach puree B# 2826 10-1 10-1 10-1 undiluted undiluted 
Valencia conc. B# 9G2902 10-1 10-1 10-1 undiluted undiluted 
Spoiled sample; guava puree  
B# 9L 1503 
undiluted undiluted undiluted undiluted 10-1 
Spoiled sample; peach + apricot 
nectar B# OB2800 (29.5°Brix) 
undiluted undiluted undiluted undiluted 10-2 
27 
2.3 SELECTION OF BACTERIOCIN PRODUCERS AND THEIR  
 PHYSICOCHEMICAL PROPERTIES 
 
Physicochemical properties of BCN producers were determined to identify the most 
feasible BCN producer(s) in terms of growth ability and activity against SPOs. The 
following suitability criteria were used: growth of the strains under aerobic versus 
anaerobic conditions, optimal growth temperatures, optimal growth pH conditions 
and resistance of their BCNs to proteolytic enzymes. From this initial screening of 
3000 strains, 11 strains were chosen and tested further.  The BCN producers 
selected were: L. plantarum, L. casei, Pediococcus acidilactici (PAC.1.0),  
P. pentosaceus 34, P. jensennii, Lactococcus lactis strains BFE 901, 902, 903, 920 
and 2072, and E. faecalis AS-48 BFE 1071. The BCN producer L. plantarum, which 
proved to be of particular interest, was isolated from traditional African sorghum 
beer. These BCN producers were subjected to further growth studies (in test tubes) 
under various controlled low pH ranges (simulating the citrus juice pH of 3.0 - 5.0), at 
30°C, determined over a 72 h period. Consequently, 7 BCN producer strains were 
selected based on their growth performance and ability to produce BCNs at low pH, 
namely; L. plantarum, L. casei strains A and B, P. acidilactici (PAC.1.0),  
P. pentosaceus 34 and L. lactis strains BFE 903 and 920, which were used in further 
experiments. After extensive screening for the most effective BCN producers against 
57 SPOs, 4 strains from the above 7 were selected, of which L. plantarum was 
eventually chosen for further experiments.  
 
2.3.1   Population growth curves of BCN producers 
 
This component of the research was conducted at BFE (Inst. für Hygiene, u. 
Toxikologie, Karlsruhe, now also known as the Max Rubner Institute), under the 
supervision of Prof. Dr Wilhelm Holtzapfel. Cell counts (during log growth phase) 
were conducted for each organism in each experiment in order to determine cell 
density and BCN activity (AU/ml), relative to cell count (colony forming units; cfu/ml). 
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2.3.1.1  Test tube experiments 
Initial growth studies of the 11 BCN producers (listed in Section 2.3), were performed 
in MRS, YEL and ST-1 media until mid-logarithmic phase. Turbidity was used to 
estimate bacterial growth by measuring optical density (OD/ml) at 600 nm, in the pH 
range of 3.0 - 7.0 at 30°C (duplicate values). Optical density of BCN producer 
cultures was determined and analysed after 24, 48 and 72 h (blank consisted of 
media, adjusted to specific pHs, i.e. 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 6.5 and 7.5).  
 
2.3.1.2  Bioscreen experiments 
 
Growth of BCN producers was measured using a Bioscreen C automated 
microbiology growth curve analysis system [Labsystems, Helsinki, Finland]. This is a 
turbidometer, measuring OD580nm of single cell types by a vertical pathway, 
consisting of an analyser unit, computer and printer. The measured data were stored 
and further processed using BioLink Software. The OD values, relative activities and 
cell counts were determined at various temperatures (25, 30 and 37ºC) and pHs 
(3.0, 3.5 and 4.0) for L. plantarum, L. casei A and B, and P. pentosaceus 34 in MRS, 
and pHs 3.6, 3.8 and 4.0 for L. lactis strain BFE 903 in ST-1 broth.  LA (0.1 M) was 
used to adjust the pH. The total volume per well in the 100 well microtitre plates was 
300 µl, i.e. 270 μl medium and 30 μl bacterial culture (106 cells/ml).  
 
2.3.2   BCN production and determination of antimicrobial activity   
 
The chosen BCN producing cultures (10 μl of 106 cells/ml) were each inoculated into 
100 ml MRS broth and incubated at 30°C (except E. faecalis BFE 1071 incubated at 
37°C) for 24 h. The producer cultures (total volume = 100 ml) were centrifuged 
(8 000 x g for 10 min), the pH of the cell-free supernatants (containing BCNs) was 
adjusted to 7.0 with sterile 1M NaOH (when neutralisation was required) and heat 
treated at 95°C for 5 min to kill any live remaining BCN producer cells which may 
have been retained during the centrifugation step. The antimicrobial activity was 
determined against selected indicator SPOs by the “spot on lawn method” (Hoover 
and Harlander, 1993, Van Reenen et al., 1998). This involved spotting 10 µl aliquots 
(undiluted) of the cell-free culture supernatant of the producer strains onto MRS soft 
agar plates (0.75% m/v agar), containing 106 cells / ml of the inoculated indicator 
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strains [L. acidophilus, L. gallinarum, Acetobacter spp. and S. thermophilus (Table 
2.2) and S. cerevisiae (Table 2.3)] or isolated juice SPOs (Table 2.4). In addition, a 
two-fold serial dilution (1:2 - 1:1024) of each of the supernatants of the 7 selected 
BCN-producing LAB strains (10 μl of 106 cells/ml) were spotted onto the plates and 
incubated for 24 h at 30°C. The overlay plates containing target spoilage bacteria, 
yeasts and moulds, were spotted with BCN (3 µl BCN producer culture or 10 µl BCN 
supernatant) and were incubated at the selected indicator organism temperature (i.e. 
25° or 30°C) for 1 - 3 days to assess inhibitory activity of the BCNs. BCNs which 
exhibited inhibition zones, with a diameter of ≥2 mm, were regarded as antimicrobial 
(Van Reenen et al., 1998).  These inhibition clearing zones were quantified in 
millimetres, using a refinement of the quantification system initially reported by 
Okkers et al. (1999) in determining the inhibitory effect of L. pentosus TV35b against 
Clostridium tyrobutyricum, C. sporogenes, L. sake, L. fermentum, L. curvatus,  
L. innocua, Propionibacterium acidipropionici and Candida albicans. 
 
SPOs were applied with and without antibiotic, i.e. L. sakei DSM 20017 (CF) with 
plasmid pMG25e cloned into it, with antibiotic erythromycin (5 µg/ml) and wild type  
L. sakei DSM 20017 (USch) without antibiotic, in order to determine if the antibiotic 
would be antagonistic to the applied BCN.  
 
The BCN supernatants (as is and neutralised by pH adjustment; also from Bioscreen 
experiments) of L. plantarum, L. casei A and B, P. pentosaceus 34 and L. lactis 
strain BFE 903 (after centrifugation at 8 000 x g for 10 min and heat shocking at 
95ºC for 5 min), were all tested for efficacy against SPOs (Acetobacter spp. 
ATCC8303, S. thermophilus NCIMB 50083, S. cerevisiae BFE isolate, Talaromyces 
flavus BFE 372 and Botrytis cinerea BFE 568) to determine the BCN efficacy. BCN 
antimicrobial activity was expressed in arbitrary activity units per ml (AU/ml) and 
determined as described by Hendersen et al. (1992), where an AU is defined as the 
reciprocal of the highest serial two-fold dilution, displaying a zone of growth inhibition 
(Schillinger and Lücke, 1989; Prins et al., 2010). In determining BCN activity values 
(AU/ml), the BCNs were diluted as a two-fold serial dilution series (e.g. AU/ml = 100, 
through to AU/ml = 6 400), and then spotted in corresponding positions / zones 
(zone 1 = 100 AU/ml, through to zone 7 = 6 400 AU/ml) onto the plates containing 
the selected SPO indicator organism. Inhibition / clearing zones caused by the BCN 
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revealed the AU values, which were indicated by the dilution factor, i.e. the higher 
the dilution where zone clearing still occurred, the more potent the original BCN 
activity was. Specific activity values, defined as (AU/ml)/(cfu/ml) were also 
determined.  
 
2.3.3   BCN activity against spoilage organisms isolated from juice  
 
Many known SPOs (occurring in fruit juices and noted in literature) were reviewed for 
inclusion in this research (Tables 2.2 and 2.3). Beverage SPOs (identified by Back et 
al., 1999; Pontius et al., 1998; Eiroa et al., 1999; Cerny et al., 1984; Ethiraj and 
Suresh, 1985; Annous and Kozempel, 1998; Senser et al., 1967; Mendoza et al., 
1982; Tournas, 1994; de Nijs et. al., 2000; Lavermicocca et al., 2000; Magnusson 
and Schnürer, 2001) were sourced from various culture collections and used to test 
the ability of these chosen BCN-producing organisms to inhibit growth of these 
SPOs. 
 
Activities of the chosen BCN producers against the main target SPOs (listed in 
Tables 2.2 and 2.3) were determined. The 57 SPOs identified from the culture 
collections were subjected to antimicrobial activity tests against the selected BCN 
producers described in Section 2.3.2. Proteinase K (PK) [Serva] (5 µl of a 25 mg/ml 
solution) was used to verify (indicated by reduction of BCN inhibition zones) that 
SPO growth inhibition zones caused by the BCN producers were not due to acid / 
chemical effects, but rather the antimicrobial activity of the BCN producer itself. The 
target SPO was harvested during the log phase of growth, vortexed and inoculated 
(5 µl containing 106 cells/ml) onto soft agar media (0.75% m/v) and incubated as an 
overlay on MRS agar plates (1.5% m/v). The BCN producers (3 µl containing  
106 cells/ml) were spotted onto the upper agar layer (containing the SPO) and the 
proteinase K solution (10 µl) spotted adjacent to the BCN producer spots. The 
efficacy of the selected BCN producers (as viable cell colonies on MRS agar plates), 
as well as BCNs (cell free supernatants) were also determined against various juice 
SPOs isolated from fruit juice samples [from Valor (Pty) Ltd; listed in Table 2.4] 
during this research. 
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2.3.4 Heat resistance of BCN 
 
BCN, produced by L. plantarum, was tested for thermal resistance by heating the 
supernatant containing BCN to 95°C for 12.5 min, as well as storage at -80°C, 
followed by testing for activity against an indicator SPO (i.e. S. thermophilus). 
 
 
2.4 FERMENTATION OF BACTERIOCIN PRODUCERS AND GROWTH 
         OPTIMISATION  
 
Growth studies of BCN producers in media and juices were conducted in test tubes 
(concentrated and diluted) (BFE), Schott bottles (250 ml) and in fermenters 
(Multigen; 1.5 litre) (using L. plantarum and P. pentosaceus 34). Large-scale 
fermentation experiments for optimum BCN production in juices were conducted 
under the supervision of Prof. Dr ir. Erick Vandamme, Department of Biochemical 
and Microbial Technology (BMT), Ghent University, Belgium. Growth optimisation 
and fermentation conditions for L. plantarum in non-juice media and fruit juice media 
were carried out for BCN production (Geisen et al., 1993), while fermentation and 
growth optimisation studies were performed as described by Verellen et al. (1998) 
and Nel et al. (2001).  
 
2.4.1   Growth studies of L. plantarum and P. pentosaceus 34 in fruit juice  
 
Growth determinations of L. plantarum and P. pentosaceus 34, and BCN production 
were performed in test tubes containing different juice types used as media 
(concentrates and solutions, listed in Table 2.6).  The appropriate media (as per 
Table 2.1) were used for BCN producer enumeration [by dilution plate counts 
(DPCs)].  A negative control consisted of Valencia juice concentrate (conc.) and 
dH2O (12.5% m/v).  The temperature was 30ºC for all experiments.  Aliquots of 1 ml 
each were used for OD600nm, pH and cell count determinations. The effects of pH and 
Aw were also determined. This was correlated to °Brix values in order to ascertain 
the optimum growth environment of BCN producers in juice. Aw of juice concentrates 
and solutions were determined (at BFE) using a Rototronic device with the AW-
Thermo 40 Measuring Station (which measures the % moisture above the sample in 
32 
the chamber), using stainless steel sample vessels (25 ml crucibles, PS14 and 
PS40) at 20°C.  Aw measurements were taken with and without celite (also with the 
assistance of the NAGY MeSysteme, GmbH, to confirm the results). 
 
Table 2.6:   Juice media used for growth of L. plantarum and 
P. pentosaceus 34. 
 
Medium Aw °Brix 
Clementine concentrate (conc.) 0.791 64.0 
Clementine conc. + water (1 conc. + 4 dH2O) 
(20.0% w/w) 
0.960 15.4 
Valencia conc. + water (1 conc.+7 dH2O)  
(12.5% w/w) 
- 8.6 
Clementine:Valencia (1:1) + water  
(1 conc.+7 dH2O) (12.5% w/w) 
- 8.6 
 
L. plantarum and P. pentosaceus 34 (100 µl) were first subjected to low pH; (1) by 
incubation in 10 ml MRS media at pH 3.5, followed by (2) pre-culturing in MRS at pH 
3.5, and (3) incubation (100 µl) for 3 days at 30°C in 10 ml juice concentrate (before 
being diluted using the juice conc. and dH2O (1:5 dilution). This “conditioned” BCN 
producer is what is later referred to as BCN producer(s) “from juice concentrate”.  
The pH profiles of BCNs in cell free supernatants from L. plantarum and  
P. pentosaceus 34, incubated at 30°C in juice containing dilute Clementine conc. 
and sterile dH2O (1:5 dilution), at the initial pH (measured), were determined after 48, 
72 and 120 h. BCN supernatant (2.5 ml from test tube) was centrifuged (8 000 x g for 
10 min) and 1.5 ml of the supernatant was used as is and 1 ml was adjusted to pH 7 
(using 0.1 M NaOH). These aliquots were heated at 95ºC for 5 min [the 48 h sample 
was heat-treated for 12.5 min (2.5 x longer than normal)] and the 72 and 120 h 
samples were heat-treated for 5 min, pH adjusted to 7, heated for a further 2 min to 
ensure sterility and the heat resistance of the BCN was tested. The aliquots were 
used to determine AU/ml against indicator organism S. thermophilus NCIMB 50083 
in soft agar, 0.75% v/v, using the method described by Van Reenen et al. (1998).    
 
2.4.2 BCN production in juice media  
 
Initially fermentation of L. plantarum and P. pentosaceus 34 was carried out in  
250 ml Schott bottles, using various juice media; Valencia (V), Clementine (C) and 
a blend of C:V (1:1); all 65°Brix and dH2O (1 conc. and 7 dH2O) (12.5% w/w), with 
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12 h sampling intervals over a 120 h period, at which OD600nm, AU/ml and pH were 
determined. SPO indicators included: S. thermophilus, L. acidophilus (5 µl/10 ml 
within 0.75% v/v MRS overlay agar), Acetobacter 8303 (200 µl/10 ml within 0.75% 
v/v mannitol overlay agar) and S. cerevisiae (200 µl/10 ml within 0.75% v/v YM 
overlay agar). 
 
L. plantarum and P. pentosaceus 34 were first “conditioned” by incubating for 3 days 
at 30°C in Clementine concentrate. Gas production of BCN producers was monitored 
after 24, 48 and 72 h during incubation of the conditioned BCN producers in diluted 
Clementine juice medium (1:5 dilution in sterile dH2O, 15.4°Brix; Aw = 0.960) at 
30°C, at the initial juice pH (measured).  
 
2.4.2.1 Mini batch fermentation experiments 
 
Mini batch fermenters (non-automated), comprising 3 identical sterile 250 ml Schott 
bottles (in orbital shakers), were used to generate data on growth of the chosen BCN 
producers (L. plantarum and P. pentosaceus 34). Juice media consisting of C:V (1:1) 
and sterile dH2O; i.e. 12.5 % m/v juice media and adjusted to pH 6.0 (using 0.1 M 
NaOH), were autoclaved, allowed to cool and warmed to 30°C just prior to use. BCN 
producer cultures were grown in MRS broth, incubated at 30°C for 48 h until an 
OD600nm of 1.4 was reached, equivalent to 106 cells/ml. The purity of the culture was 
examined under a microscope. The MRS broth culture was diluted to  
104 cells/ml (0.1 ml culture in 9.9 ml juice media). Batches of 150 ml of 8.6 °Brix juice 
media used in the fermenters were inoculated with 1.5 ml of BCN producing culture 
(104 cells/ml). Fermentation was commenced at 30°C and 2 ml samples were 
removed via sterile syringes every 12 h (for 120 h) for DPCs, OD600nm and °Brix 
readings. During the initial experiments, L. plantarum and P. pentosaceus 34 
cultures were adjusted to pH 6.0 (using 1.5 M NaOH) to increase and maintain an 
optimal pH for maximum BCN production. However, for subsequent experiments, the 
pH was not adjusted as the NaOH addition decreased the growth of the BCN 
producer organism.  
 
2.4.2.2 Batch fermentation experiments 
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Batch fermenters (non-automated), comprising 3 identical sterile 2 litre Schott bottles 
(with magnetic stirrers), were used. Juice media (as described above in Section 
2.4.2.1) were inoculated with BCN producers L. plantarum and P. pentosaceus 34 
[22.5 ml (106 cells/ml) in MRS broth] which were transferred via a sterilised funnel to 
the Schott bottles containing 1.5 litre juice media. Fermentation occurred at 30°C 
and 5 ml samples were removed via sterile syringes every 12 h (for 72 h) for DPCs 
on MRS agar plates, and OD600nm and °Brix readings.  
 
2.4.2.3 Harvesting BCN from batch fermentation experiments 
 
BCN harvesting was done by centrifuging the BCN producer cells in 350 ml aliquots 
(8 000 x g for 10 min) and 1.5 ml of the supernatant (containing the BCN) was used, 
of which 1 ml was adjusted to pH 7 (using 0.1 M NaOH dropwise, to ensure no zone 
clearing as a result of acidic effect); these aliquots were heat-shocked at 95ºC for  
5 min, to kill any remaining BCN producer cells. Specific activity (AU/ml)/(cfu/ml), pH, 
cell counts and OD600nm were determined from 1 ml aliquots. The AU/ml were 
measured using serial two-fold dilutions (up to 1:64). 
 
2.4.3 Multifermenter experiments in optimisation of BCN production 
 
Large scale BCN production from L. plantarum in fruit juices via multifermenter and 
specialized supplementation of juice media with various nutrients and trace 
elements, was conducted. Standard growth medium, MRS, was used as a 
comparative optimal medium. The following trials using BCN producer L. plantarum 
(1% inoculum v/v) were performed (in triplicate) (Table 2.7). 
 
 
 
 
 
 
Table 2.7:   Multi-fermenter studies producing BCN from L. plantarum in various fruit juice media. 
 
Medium Treatment / Added supplement 
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Juice (C:V; 1:1; 1 conc. + 7 dH2O) None 
Ideal nutrient medium (MRS) None 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) & MRS None 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) & MRS Peptone (1.7% m/v) 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) & MRS MnSO4H2O (0.014% m/v) 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) & MRS Tween 80 (1% v/v) 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) Glucose (1% m/v) 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) Whey (3% m/v) 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) At constant pH 3.4, maintained by adding 
CaCO3 
Juice (C:V; 1:1; 1 conc. + 7 dH2O) & MRS Combination of all supplements 
Note:   
C: Clementine 
V: Valencia 
 
Multifermenter technology (semi-automated), i.e. identical multifermenters (Biostat B 
fermenters; 2 litre, [Sartorius]: Figure 2.1), were used for L. plantarum growth 
optimization.  
 
 
Figure 2.1: Multifermentation vessels used at the University of Ghent.  
 
The L. plantarum culture was inoculated initially into MRS broth and juice medium 
[diluted C:V conc. 1:1 (1 conc. and 7 sterile dH2O), 8.6 °Brix]. The multi-fermenter 
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vessel was assembled, 1.5 litre MRS or juice medium added and sterilised 
(autoclaved; 121°C for 10 min).  It was allowed to cool to 30°C prior to use and the 
mechanical stirring operation tested (~120 rpm). The juice media were inoculated 
with L. plantarum [22.5 ml (106 cells/ml) in MRS broth] at 30°C, and were added (via 
a sterile graduated syringe) to the MRS broth or juice media (as is, or containing the 
different growth enhancing components for the various experiments, described in 
Table 2.7) in the sterile fermentation vessels via an injection port. Fermentation was 
commenced and 5 ml samples were removed via sterile syringes (fitted with 
sampling tubes) every 4 h for enumeration of L. plantarum on MRS agar plates. BCN 
was harvested by centrifugation (8 000 x g for 10 min). Supernatant containing the 
BCN was harvested as described in Section 2.4.2.3 and inhibitory activity 
determined as per Section 2.4.1.  The pH profile and cell counts (cfu/ml) were also 
determined for each experiment. 
 
2.4.4 Effect of different juice media and supplements on BCN production from 
L. plantarum 
 
The effect of different juice media combined with various supplements on BCN 
production were investigated in order to determine optimal growth conditions for  
L. plantarum in juice (Table 2.8).   
 
 
 
 
 
 
 
 
 
 
 
 
Note: 
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C: Clementine 
V: Valencia 
 
 
2.5 EFFECT OF SIMULTANEOUS ADDITION OF BACTERIOCINS FROM  
L. plantarum AND P. pentosaceus 34 
 
The possible synergistic effect of BCNs produced by L. plantarum and  
P. pentosaceus 34 (500 000 ppm, respectively), and a 1:1 v/v combination (500 000 
ppm) when blended into a juice medium [C:V; 1:1 (1 conc. and 7 sterile dH2O)], was 
tested against spoilage organisms, S. thermophilus NCIMB 50083 and L. acidophilus 
NCFB 104.  Approximately 105 SPO  indicator cells/ml juice were used (SPOs had 
slower growth in juice medium), and cell counts (cfu/ml) of inoculum and cell counts 
in juice media and BCN were determined at 0, 12, 24, 36 and 48 h. In addition, pH 
and pellet biomass (wet weight) of the spoilage indicator organisms were 
determined, and AU/ml of BCN measured before and after addition to inoculated 
juice medium.   
 
Various concentrations of BCN (derived from a 1% v/v inoculum of L. plantarum BCN 
in juice and combination of all supplements) were further tested for efficacy against 
SPOs. The BCNsup was added to the citrus juice [C:V; 1:1 (1 conc. + 7 dH2O)] at a 
range of concentrations (3 600, 36 000, 100 000, 250 000 and 500 000 ppm). The 
Table 2.8:   Optimisation of BCN production using juice media. 
Experimental objective Juice Medium / Treatment / Added supplement 
Optimum juice medium  C:V; 1:1 (1 conc. + 7 dH2O) 
 
Optimum pH and alkali  NaOH and CaCO3 : as is, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0 
Ca(OH)2 and KOH: as is, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0  
Optimum sugar types (C source) (1% m/v) Arabinose, ribose, xylose, glucose, sucrose and 
maltose (with and without yeast extract) 
Optimum whey concentration [natural nitrogen 
and carbon source, extracted from Belgium 
bovine milk (nitrogen) and a commercial 
(carbon) source from Cadbury] 
1, 2, 3, 4 and 5 % m/v  
Juice solution  Soya (1.7% w/v optimum) supplementation (to 
compare against / combine with whey). 
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SPOs challenged were L. acidophilus, S. thermophilus, S. cerevisiae, Acetobacter 
LMG1607 and A. acidoterrestris (TAB).  
 
The concentration of 3 600 ppm BCNsup was chosen as the minimum concentration 
to work with, as it is within the range used commercially for synthetic preservatives 
(e.g. SB, potassium sorbate and sodium metabisulphate). The BCNsup 
concentration range (3 600 - 36 000 ppm) was also used in the organoleptic study 
(Sections 2.9 and 5.2.4). 
  
 
2.6 PCR IDENTIFICATION OF L. plantarum AND DETECTION OF  
BACTERIOCIN STRUCTURAL GENES 
 
2.6.1 DNA extraction and primers 
 
Genomic and plasmid deoxyribonucleic acid (DNA) was extracted from 800 µl  
L. plantarum culture (grown in MRS broth) using the DNeasy blood and tissue kit and 
the QIAprep Spin Miniprep kit [Qiagen®], respectively, as described by the 
manufacturer. Extracted DNA was quantified using a Nanodrop spectrophotometer 
[Thermo Scientific] and stored at -20°C. Primers were synthesised by Integrated 
DNA Technology [Whitehead Scientific] and reconstituted in Tris-acetate EDTA 
buffer [Lonza], according to the manufacturer’s instructions. 
 
2.6.2 PCR identification of L. plantarum 
 
Identification of L. plantarum was carried out by polymerase chain reaction (PCR) 
screening for the recA gene using the PCR conditions and species-specific primers 
shown in Table 2.9. All the PCR reactions were performed using the TopTaqTM 
Master Mix kit [Qiagen®)] with an iCyclerTM Thermal cycler. The PCR reactions were 
performed twice to verify that correct amplicons were obtained and no contamination 
had occurred. A negative control, dH2O, instead of template DNA, was used in all the 
reactions. 
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Table 2.9:  Primers and PCR conditions used for the detection of L. plantarum. 
Gene 
 
Primer Sequence Size 
(bp) 
 
Reference 
recA  
(L. plantarum) 
planF 5’-CCGTTTATGsCGGAACACCTA-3’ 318 Ghotbi et al., 2011 
 pREV 5’-TCGGGATTACCAAACATCAC-3’   
PCR conditions: recA 
 
Initial denaturation: 3 min at 94ºC   
30 cycles:          30 seconds at 94ºC 
                          10 seconds at 56.8ºC  
                          10 seconds at 72ºC 
Final extension: 10 min at 72oC 
Note:   
s: variable / substituted nucleotide (T/G) 
 
 
2.6.3 Detection of BCN structural genes in L. plantarum 
 
Identification of BCN structural genes in L. plantarum was carried out by using the 
PCR conditions and specific primers shown in Table 2.10. All the PCR reactions 
were performed using the TopTaqTM Master Mix kit [Qiagen] with an iCyclerTM 
Thermal cycler.  An Escherichia coli strain and dH2O were used as negative controls 
in all the reactions. The PCR reactions were performed twice to verify that correct 
amplicons were obtained and no contamination had occurred. Resulting amplicons 
were analysed for confirmation using agarose gel electrophoresis (AGE). The gene 
sequences of the BCN structural genes were compared to previously identified 
genes by Basic Local Alignment Search Tool (BLAST) searches on GenBank.  
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Table 2.10:  Primers and PCR conditions used for the amplification of BCN structural genes. 
Gene 
 
Primer Sequence Annealing 
temperature 
(oC) 
Reference 
plnEF plnEF-F 5’-GGCATAGTTAAAATTCCCCCC-3’ 53 Moghadam 
et al., 2010  plnEF-R 5’-CAGGTTGCCGCAAAAAAA-3’  
     
plnJ plnJ-F 5’-TAAGCACGGATTGCTCTG-3’ 51 Moghadam 
et al., 2010  plnJ-R 5’-AATCAAGGAATTATCACATTAGTC-3’  
     
plnK plnK-F 5’-CTGTAAGCATTGCTAACCAAT-3’ 53 Moghadam 
et al., 2010  plnK-R 5’-ACTGCTGACGCTGAAAAG-3’  
     
plnN plnN-F 5’-ATTGCCGGGTTAGGTATCG-3’ 51.9 Moghadam 
et al., 2010  plnN-R 5’-CCTAAACCATGCCATGCAC-3’  
     
plnNC8 plnNC8-F 5’-GGTCTGCGTATAAGCATCGC-3’ 60 Moghadam 
et al., 2010  plnNC8-R 5’-AAATTGAACATATGGGTGCTTTAAATTCC-3’  
     
plnS plnS-F 5’-GCCTTACCAGCGTAATGCCC-3’ 60 Moghadam 
et al., 2010  plnS-R 5’-CTGGTGATGCAATCGTTAGTTT-3’  
     
plnW plnW-F 5’-TCACACGAAATATTCCA-3’ 50 Moghadam 
et al., 2010  plnW-R 5’-GGCAAGCGTAAGAAATAAATGAG-3’  
     
Putative 
structural 
gene of 
plantaricin 
423  
423-F 5’-GTCGCCCGGGAATACTATGGTAATGG-3’ 60 Van Reenen 
et al., 2002 
 423-R 5’-GCGTCCCGGGTTAATTAGCACTTTCCA-3’   
PCR conditions:  
 
Initial denaturation: 3 min at 94ºC             Moghadam 
                et al., 2010 
30 cycles:           60 seconds at 94ºC 
                           60 seconds (annealing temperature shown above) 
                           2 min at 72ºC 
Final extension:  7 min at 72oC 
 
 
2.6.4  Agarose gel electrophoresis 
 
A 2% (w/v) agarose gel containing 0.3 µg/ml ethidium bromide [Promega] was used 
for confirmation and analysis of the PCR products. Tris-acetate EDTA buffer was 
used as running buffer. Each well was loaded with 10 µl of PCR product and 
electrophoresis was conducted at 100 V and 400 mA for 45 min. Ethidium bromide 
stained DNA products were visualised by UV transillumination and images captured 
using an Alpha Imager 3400 gel system [Alpha Immotech]. A 100 bp marker (DNA 
ladder ranging from 100 bp - 1 kbp) [Bioline] was included in the gels to verify 
amplicon size.  
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2.6.5 Sequencing  
 
PCR products were prepared for sequencing using Wizard SV gel PCR clean-up kit 
[Promega] in accordance with the manufacturer’s instructions. Purified DNA samples 
were sequenced at the Central Analytical Facility, University of Stellenbosch. 
Sequence analyses were performed using Chromas 1.45 and BioEdit 7.0.5.  
  
 
2.7 SIZE EXCLUSION CHROMATOGRAPHY OF BACTERIOCIN AND ACTIVE  
         POLYPEPTIDE FRACTION DETERMINATION  
 
The most frequently used purification techniques involve inter alia, salt precipitation, 
followed by various combinations of reverse phase (RP) C18 solid phase extraction, 
adsorption-desorption (AD), ion-exchange chromatography (IEC), size exclusion 
chromatography (SEC), preparative sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) and RP high-performance liquid chromatography (RP-
HPLC) (Pingitore et al., 2007). SEC was used to separate the various polypeptides 
and juice constituents in the BCN supernatant (containing 31.5 mg/ml protein) and 
determine the approximate molecular weight of the BCN.  A size exclusion / gel 
filtration column (Superdex S75 [Pharmacia Biotech], 2.6 x 60 cm; separation range 
for globular proteins 1 - 100 kDa), separating proteins on the basis of their shape 
and / or size differences by excluding larger molecules and allowing the smaller 
molecules to enter the gel pores (Stellwagen, 1990), was used. It was connected to 
an AEC Amersham Pharmacia Biotech AKTA fast protein liquid chromatography 
(FPLC) unit and equilibrated with 2 column volumes of equilibration buffer (50 mM 
citrate buffer, pH 6.0). In order to estimate the molecular weight of the BCN, the 
column was calibrated using various molecular weight markers: blue dextran (2 000 
kDa, to obtain Vo), bovine serum albumen (BSA) (66 kDa), ovalbumin (45 kDa), 
carbonic anhydrase (29 kDa), cytochrome C (12.5 kDa) and aprotinin (6.5 kDa). The 
column void volume (Vo) and total volume (Vt) were determined (Vo = 105 ml and  
Vt = 318 ml). The elution volumes of the molecular weight marker proteins (Ve) were 
used to construct a calibration curve of partition / elution coefficient, Kav, versus log 
Mr; Kav = (Ve-Vo)/(Vt-Vo). The calibration curve of the molecular weight marker 
proteins is depicted in Figure 2.2. The sample (8 ml) (from the industrial fermenter 
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scaling-up experiment with Valor (Pty) Ltd fruit juice, described in Section 2.8.1), was 
loaded onto the column at 60 ml/h, eluted at the same flow rate, and OD280nm was 
recorded. FPLC separations were done in triplicate. Fractions (5 ml) were collected 
and BCN activities determined against SPOs, S. thermophilus and L. acidophilus (as 
per Section 2.4.1). 
   
 
 
Figure 2.2: Calibration curve of molecular weight marker proteins separated on a Superdex S75 
26/60 column. Molecular weight markers: (1) aprotonin (6.5 kDa), (2) cytochrome C (12.5 kDa), (3) 
carbonic anhydrase (29 kDa), (4) ovalbumin (45 kDa) and (5) bovine serum albumen (BSA) (66 kDa) 
(r2 = 0.9961). 
  
2.8 INDUSTRIAL APPLICATION OF BACTERIOCIN ADDED TO JUICE 
 
2.8.1 Industrial scale fermentation of L. plantarum in juice 
 
Equipment used for the industrial fermentation studies included a fermenter, 
centrifuge, flash pasteurisation autoclave, blending tanks (with overhead and 
magnetic stirrers) and a de-aeration and jug filling line supplied by Valor (Pty) Ltd 
(Figure 2.3, with the author in attendance). Four replicate experiments were carried 
out. 
 
1 
2 
3 
4 
5 
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Figure 2.3: Industrial scale fermentation equipment supplied by Valor (Pty) Ltd.  
 
The juice media were first checked for purity by testing for the presence of TAB [by 
incubating at 73°C for 15 min, followed by cooling on ice to 4°C and culturing on 
bacteria-acido-thermophilic (BAT) medium (15% m/v)] and for Alicyclobacillus 
acidoterestris activity [by incubating on YEL medium (15% m/v) at 50°C]. The juice 
media were autoclaved at 100 - 110°C for 10 min. 
 
For juice inoculation, the overnight culture L. plantarum BCN producer (78 ml of  
106 cells/ml) was used. The culture was grown in 7.8 litres juice medium (1% v/v) 
consisting of 487.50 g Clementine concentrate and 487.50 g Valencia concentrate 
(totalling 975.00 g), added to 6.825 litre dH2O; and MnSO4.H2O (0.014% m/v), whey 
[Cadbury] (0.18% m/v) and soya protein [Sasko SPP 403] (1.7% m/v). Samples were 
collected at 0 and 24 h to determine cell counts (cfu/ml) [on MRS agar (15% m/v) at 
30°C] (Van Reenen et al., 1998). The BCN produced by L. plantarum was added to 
the Valor (Pty) Ltd production juices, mango-orange and C:V (Flow Diagram 2.1). 
The BCN production batches for this experiment (7.8 litres) were centrifuged (8 500 
x g for 5 min at 4°C), heat shocked in 5 litre high density polyethylene (HDPE) jugs 
at 95°C (in water baths) and activity (AU/ml) determined.  
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Flow Diagram 2.1: Industrial application of BCN for natural preservation of juice products. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.8.2 Application of BCN at Valor (Pty) Ltd 
 
Industrial fermentation BCNsup production batches (from C:V and supplements) 
were applied (25 000, 50 000 and 100 000 ppm) to various industrial scale fruit juice 
concentrates (i.e. mango-orange); 170 litres in 200 litre HDPE containers on site at 
Valor (Pty) Ltd juice processors (Port Elizabeth) and the efficacy of the L. plantarum 
BCN was tested by analysing the juice quality (visually, “blowing” or gas build up and 
by DPCs). 
 
 
2.9 ORGANOLEPTIC TEST 
 
A taste panel test, comprising of Valor (Pty) Ltd board members and senior 
personnel product developers (who consented to participating in the tasting session 
under the directorship of Mr Wallace Barnes), was conducted at Valor (Pty) Ltd (Port 
Elizabeth). A range of RTD juice solutions containing BCN were prepared, tasted 
and evaluated in order to distinguish between the various BCN-juice solutions. 
BCN Culture
(L. plantarum)
7.8 litres
valencia:clementine; 1:1 -> 1 conc.+7 dH2O and
supplements:
whey and soya: 0.18 and 1.7% w/v, respectively
MnSO
4
.H
2
O: 0.014% w/v
Supernatant
Heated / Flash
Pasteurised at
95 -100°C
for 1 - 5 min
Juice Blending
200 litre tanks
BCN blending
concentrations:
25 000 - 100 000 pm Bulk product
vessels
Centrifuge
Pasteurised
at 95°C
for 1.5 min
Filtration and Filling
(8 - 11°Brix)
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Based on the instructions to the taste panel to focus on characteristics of taste, 
mouth-feel, colour and smell, the results were recorded on taste evaluation forms 
(Appendix 1). Juices used: 50% low kJ peach-apricot and 50% orange (no 
preservatives); BCNsup concentrations assessed being, zero (control), 3 600 and  
36 000 ppm. The participants were asked to taste samples (from left to right of the 
evaluation form), copy the corresponding codes on juice sample containers in the 
space provided on the evaluation form and circle the juice sample codes which they 
thought contained no BCN. This was done to determine whether they could identify 
the juice samples containing BCN. The choices of the taste panel individuals were 
collated, recorded on a scoring sheet (Appendix 1) and processed to determine 
whether BCN could be detected within any particular juice sample.   
 
 
2.10 HAZARD ANALYSIS CRITICAL CONTROL POINT DETERMINATION 
 
A risk analysis method of identifying hazards to product (juice) safety, followed by 
assessing their probability versus severity to the consumer was applied. This was 
progressed by application of the Council of the European Communities’ Codex 
Alimentarius “Decision Tree” [93/43/European Economic Community (EEC)], 
capturing and analyzing the risk analysis scores, to identify the possible CCPs and 
operational prerequisite programs (OPRPs), resulting in the development of the 
HACCP plan to control the food safety risks, especially at the identified CCPs. This 
was done as specified in the Codex Alimentarius 93/43/EEC and the ISO 
22000:2005 standard on food safety management, and involved application of the 
following steps:  
 
Step 1: 
Hazards (in biological, physical, chemical and allergen categories) for each 
production process step were identified, and, based on the author’s experience in 
the industry and knowledge of the production line in consideration, it was determined 
where, and to what extent, these hazards / potential hazards occur. Next, the “trivial 
many” (minor) hazards were separated from the “critical few” (using Pareto principle 
thinking) and recorded on a HACCP Risk Analysis form. The selected hazards were 
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then rated / scored in terms of their % probability of occurring versus their % 
severity, as illustrated in Figure 2.4.  
 
    High 100 
   
      
 
 
       Probability (%)  50 
 
 
 
   
       0 
         0                   50     100 
      Low         Severity (%)        High 
Controls; 
Within production  : HACCP plan required to control identified hazards 
Outside production  : PRP controls production environment hazards (these  
     controls must be in place before starting production) 
 
Figure 2.4: Scoring chart for determination of probability (%) vs severity (%) level, which is the 
likelihood of the hazard in question being critical.  
 
Step 2: 
Scores for probability versus severity above 50%:50% were automatically 
considered to be in the CCP zone on the scoring chart, or, if the severity score alone 
for any hazard was > 50%, these hazards were subjected to the “Decision Tree” 
method for verification and to confirm CCP(s). Here it was determined whether 
systems / controls were in place at that point in production to reduce the identified 
hazard(s) to an acceptable level or eliminate the hazard(s) and whether there was 
any step further down the line to do so (i.e. a “safety net”).  These results were also 
recorded (on the HACCP Risk Analysis form) and used to develop the HACCP plan. 
Critical limits for the identified CCPs were established and recorded on the HACCP 
plan along with all the applicable accompanying detail required to manage the 
HACCP plan. For example, at the CCPs, if the critical limit is exceeded [e.g. 
microbial SPO contamination (cfu) levels, metal, glass, presence of hard plastics in 
product], corrective action would be required immediately. It would, however, not 
usually be necessary to put the affected products on hold if there were only minor 
good manufacturing practice (GMP) violations, normally controlled via the 
 
Covered 
by PRPs 
 
HACCP 
CCP 
zone 
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Prerequisite Programs (PRPs) (i.e. good hygiene practice, cleaning programs, pest 
control, glass, hard plastics, and foreign matter control, preventive maintenance, 
etc.). 
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CHAPTER THREE 
 
SELECTION OF BACTERIOCIN PRODUCERS  
 
 
3.1 INTRODUCTION 
 
Extensive screening of LAB for the production of BCNs involves identification, 
isolation and selection of the most appropriate BCN producer organism. It is 
important for the LAB to be of specific GRAS status, and capable of naturally 
preserving food and beverages (Savadogo et al., 2006). Selection of BCN producers 
involves identification of the producer strain by methods such as growth on selective 
media, biochemical, physiological, inhibitory and organoleptic characteristics (Van 
Reenen et al., 1998; Okkers et al., 1999). Udhayashree et al. (2012) selected BCN 
producing L. fermentum UN01 from chicken intestine, which could preserve food 
products, where identification was based on biochemical and physiological 
characteristics. Genetic techniques such as PCR, randomly amplified polymorphic 
DNA (RAPD)-PCR profiles and sequencing of 16S rRNA have also been employed 
for identification of BCN producers (Van Reenen and Dicks, 1996; Falsen et al., 
1999; Singh et al., 2009).  Characterisation of partially purified BCNs has also 
included heat stability testing, effect of pH and proteolytic enzymes (Joshi et al., 
2006). 
 
There are several reports where inhibitory activity of the BCN was determined by the 
“spot-on-lawn” / “agar spot” method (Schillinger and Lücke, 1989; Hoover and 
Harlander, 1993; Van Reenen et al., 1998). This involves spotting of BCN onto an 
agar plate followed by overlaying the plate with indicator spoilage bacteria (the 
“lawn”). A zone of inhibition indicates BCN activity against the spoilage bacteria and 
fungi. Similarly, other researchers have used the “well diffusion” method, where the 
cell-free supernatant of BCN producer strain was inoculated into wells on agar plates 
and tested against the target microorganisms. Inhibition zones around the wells 
indicated potential antimicrobial activity (Joshi et al., 2006).  
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The focus of this chapter was to select the most appropriate, effective BCN 
producer(s) and determine their population growth curves and BCN activities under 
various physiological conditions and activities against specific juice spoilage bacteria 
and fungi, which can cause ill health and often result in huge product and financial 
losses to the juice industry. 
 
 
3.2 RESULTS 
 
3.2.1 Antimicrobial activity against reported and isolated juice spoilage 
bacteria and fungi  
 
 
Spoilage bacteria and fungi were used as indicators in antimicrobial activity tests of 
seven selected BCN producers, namely L. plantarum, L. casei A and B, P. acidilactici 
(PAC.1.0), P. pentosaceus 34, and L. lactis strains BFE 903 and 920. The SPOs  
L. brevis Lb 826, L. brevis DSM 20054, L. acidophilus NCFB 1360, L. gasseri P79, 
Gluconobacter oxydans DSM 46615, Zygosaccharomyces bailii DSM 70492, 
Zygosaccharomyces microellipsoides DSM 70519 and Pichia membranae faciens 
DSM 70367 exhibited very slow growth, while Rhodotorula mucilaginosa CCY 20-1-
1, Zygosaccharomyces rouxii DSM 2531 and Penicillium citrinum BFE 397 could not 
be cultured and were omitted from the study. Spoilage bacteria and fungi which were 
applied with and without antibiotic, i.e. L. sakei DSM 20017 (CF) with erythromycin 
and L. sakei DSM 20017 (USch) without erythromycin, indicated that BCN producers 
were not susceptible to erythromycin, with the exception of L. casei A and B. The 
activity of BCN producers against these spoilage bacteria and fungi is summarised in 
Table 3.1. 
 
BCN producers exhibited antimicrobial activity against 52 of the target SPOs and 8 
SPOs isolated from spoilt commercial juices. These included mainly Gram-positive 
bacteria, acetic acid bacteria, yeasts and moulds (Tables 3.1 and 3.2, and Figures 
3.1 and 3.2). The inhibitory spectrum of the BCN producers against spoilage bacteria 
and fungi is indicated in these tables. Most of the SPOs from the various culture 
collections and isolated juice SPOs were inhibited by the BCN producers, especially 
L. plantarum and P. pentosaceus 34. 
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 Table 3.1: Spectrum of antimicrobial activities of BCN producer strains (at pH 6.5 and 30°C) against selected culture collection spoilage 
      bacteria and fungi. 
  BCN producers 
Target spoilage bacteria and fungi Gram 
stain 
L.  plantarum L. casei  BDN 
Col. A 
L. casei BDN 
Col. B 
P.  acidilactici   
PAC.1.0 
P. pentosaceus   
34 
L. lactis   
BFE 903 
L. lactis   
BFE 920 
Bacteria         
Lactobacillus brevis Lb 826 + - - - - - + + 
L. brevis  DSM 20054 + - - - - - + + 
Lactobacillus sakei LMG 13558 + + - - + + + + 
L. sakei  DSM 20017 (CF) 
L. sakei  DSM 20017 (USch) 
+ 
+ 
+ 
+ 
- 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
L. acidophilus  NCFB 104 + + + + + + + + 
L. acidophilus  NCFB 1360  + + + + - + + + 
L. acidophilus  NCFB 1417 + + + + - - + - 
L. acidophilus  NCFB 2473 + + + + + + + - 
L. acidophilus  NCFB 2660 + + + + - + + - 
Lactobacillus gasseri  P79 + + + + - + + + 
L. gasseri  DSM 28077 + + + + - - + + 
Lactobacillus johnsonii (Omniflora) + + + + - + + + 
L. gallinarum  NCFB 2235 + + + + + + + + 
L. gallinarum  DSM10532  + + - - - + - - 
Lactobacillus fermentum  DSM 2085 + - - - - - + + 
Lactobacillus reuteri  DSM 20015 + - - - - - + + 
L. reuteri  DSM 20016 + - - - - - - + 
L. reuteri  DSM 20053 + + - - - - - - 
Lactobacillus rhamnosus  DSM 20711 + + + + + + + + 
L. rhamnosus  DSM 20245 + + + + - + + + 
L. rhamnosus  DSM 8745 + - - - - - + + 
Acetobacter aceti  ATCC 15973  - + + + + + + + 
Acetobacter spp.  ATCC 8303   - + + + + + + + 
Acetobacter pasteurianus ATCC 9432  - + + + + + + + 
A. pasteurianus ATCC 23752   - + + + + + + + 
Note: 
(-) Resistance to BCN producer (<2mm inhibition zone). 
(+) Inhibition zone (≥2mm, antimicrobial activity). 
+: Gram positive.  
-:  Gram negative. 
CF: Charles Franz. 
USch: Ulrich Schillinger. 
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 Table 3.1: (cont.) 
 
  BCN producers 
Target spoilage bacteria and fungi Gram 
stain 
L.  plantarum L. casei  BDN 
Col. A 
L. casei BDN 
Col. B 
P. acidilactici    
PAC.1.0 
P. pentosaceus  
34 
L. lactis   
BFE 903 
L. lactis   
BFE 920 
Bacteria          
A. pasteurianus ATCC 23754 - + + + + + + + 
Leuconostoc mesenteroides DSM 20343 + + + + + + + + 
Oenococcus oeni  DSM 20252 + + + + + + + + 
S. thermophilus NCIMB 50083 + + + + + + + + 
Pediococcus damnosus NCIMB 50065 + + + + + + + + 
P. pentosaceus DSM 20336 + + - - + + + + 
P. acidilactici DSM 20333 + + + + + + + + 
Lactobacillus buchneri NCIMB 50044 + - - - - - + + 
Lactobacillus paracasei sp tolerans DSM 20258 + + + - + + + + 
Lactobacillus plantarum DSM 20174 + + - - + + + + 
Listeria innocua WS 2257 + + + + + + + + 
Enterobacter cloacae BFE 862 - + + + + + + + 
Gluconobacter oxydans DSM 46615   - - - - - - - - 
Lactobacillus perolens DSM 12744 + + + + + + + + 
L. perolens DSM 12745 + + + + + + - + 
Lactobacillus collinoides DSM 20515 + + + + + + + + 
Lactobacillus kunkei DSM 12361 + + + + + + - + 
Fungi         
Saccharomyces cerevisiae  BFE isolate N/A + + + + + + + 
Pichia anomala DSM 3683 N/A + - - - - - - 
Neosartorya fischeri  BFE 375 N/A + + + + + + + 
Aspergillus niger  BFE 364 N/A + + - - + - - 
Botrytis cinerea BFE 568 N/A + + + + + + + 
Byssochlamys fulva  BFE 218 N/A + + + - + - - 
Geotrichum candidum BFE 221 N/A + + + - + - - 
Penicillium expansum BFE 559 N/A + + - - + - - 
Talaromyces flavus  BFE 372 N/A + + + + + + + 
Note: 
(-) Resistance to BCN producer (<2mm inhibition zone). 
(+) Inhibition zone (≥2mm, antimicrobial activity). 
+: Gram positive.  
-:  Gram negative. 
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Table 3.2:  Spectrum of antimicrobial activities of BCN producer strains (at pH 6.5 and 30°C) against juice spoilage bacteria and fungi. 
 
  BCN producers 
Juice spoilage bacteria 
and fungi  
Gram 
stain 
L.  plantarum L.  casei  BDN 
Col. A  
L.  casei BDN 
Col. B 
P.  acidilactici  
PAC.1.0 
P. pentosaceus  
34 
L.  lactis  
BFE 903   
L. lactis   
BFE 920 
Bacteria          
Brochothrix campestris + + + + + + + + 
Bacillus licheniformis + + + + + + + + 
Bacillus fastidiousus l brevis + + + + + + + + 
Bacillus spp. D + + + + + + + + 
Bacillus spp. E + + + + + + + + 
Pseudomonas aeruginosa - + + + + + + + 
Pediococcus spp. + + - + - - + + 
Fungi         
Saccharomyces spp. N/A + + + - + - - 
Note: 
(-) Resistance to BCN producer (<2mm inhibition zone); 
(+) Inhibition zone (≥2mm, antimicrobial activity). 
+: Gram positive.  
-:  Gram negative. 
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Antimicrobial activity of some of the BCN producers listed in the aforementioned 
tables is shown in Figure 3.1. The activity of BCN from L. plantarum, P. acidilactici 
(PAC.1.0) and P. pentosaceus 34 was inhibited by PK. 
   
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
(b) 
 
(c) 
 
(d) 
Figure 3.1:  BCN antimicrobial activities indicated by inhibition zones of BCN producer strains after 
72 h. (1) L. plantarum, (2) L. casei A, (3) L. casei B, (4) P. acidilactici (PAC.1.0), (5) P. pentosaceus 
34, (6) L. lactis strain BFE 903 and (7) L. lactis strain BFE 920, overlaid with indicator organisms:  
a) L. gallinarum  NCFB 2235, b)  L. acidophilus  NCFB 104 (PK spotted adjacent to the BCN 
producers; L. plantarum, P. acidilactici (PAC.1.0) and P. pentosaceus 34, c) N. fischeri  BFE 375   
and d) N. fischeri  BFE 375 (after 16 days).  
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The BCN producers inhibited the following spoilage bacteria and fungi isolated from 
juice: B. campestris, B. licheniformis, B. fastidiousus / brevis, Bacillus spp. D and E, 
Pseudomonads group, P. aeruginosa and Pediococcus spp. (Figure 3.2).  
 
 
   (a)     (b) 
 
(c) 
 
(d) 
Figure 3.2:  BCN antimicrobial activities indicated by inhibition zones of BCN producer strains after 
48h. (1) L. plantarum, (2) L. casei A, (3) L. casei B, (4) P. acidilactici (PAC.1.0), (5) P. pentosaceus 
34, (6) L. lactis strain BFE 903 and (7) L. lactis strain BFE 920, overlaid with juice isolated spoilage 
bacteria and fungi: a) Bacillus spp. and b) B. licheniformis (bottom view), c) P. aeruginosa and d) 
Pediococcus spp. (top view). 
 
3.2.2 Selection of effective BCN producers 
 
3.2.2.1 Test tube and bioscreen 
 
The effect of media pH (3.0 - 7.5) on BCN producer was determined by test tube and 
bioscreen culture methods at 30°C over 72 h, and at 25 - 37°C over 96 h periods, 
respectively.  Optimal growth of the BCN producers was reached after 24 h 
regardless of the starting pH in the test tube experiments. The optimal starting media 
pH was 5.0 for L. casei B and P. acidilactici (PAC.1.0); pH 6.0 for L. plantarum,  
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P. pentosaceus 34 and E. faecalis AS-48 var.77 BFE 1071; pH 6.4 for P. jensennii, 
and pH 7.5 for L. lactis strains BFE 901, 902, 903, 920 and 2072.  The BCN 
producers with the best results obtained from the test tube experiments were 
retained for the ensuing bioscreen experiments; i.e. from the 11 BCN producers, 7 
BCN producers were selected: L. plantarum, L. casei A and B,  
P. acidilactici (PAC.1.0), P. pentosaceus 34, and L. lactis strain BFE 903 and 920. 
However, various bioscreen growth curves revealed that the optimal growth pH was 
4.0, at 25 and 30°C for L. plantarum, which also exhibited the highest rate of growth 
(based on OD580nm readings), followed by P. pentosaceus 34 and then L. casei B 
(Table 3.3).  
 
Table 3.3:   Growth temperature and pH as determined by test tube and bioscreen experiments 
over a period of 72 and 96 h, respectively.   
 
Note:  
BCN producers which exhibited sparse growth after the test tube experiments were excluded from the 
bioscreen experiments; noted as “---“. 
a: Optimum. 
 
The pH of L. plantarum and P. pentosaceus 34 decreased below the pH of the 
starting media when incubated at 30 and 37°C, after 24, 48, and 72 h in appropriate 
broth media (Figure 3.3).  
 
 
 
BCN Producer Test Tube Bioscreen 
  
pH  
 
 
Temp. 
(°C) 
 
Growth 
time (h)a 
 
 
OD 
600 
nm 
 
pH 
 
 
Temp. 
(°C)a 
 
 
Growth 
time (h)a 
 
 
OD 
580 
nm 
L. plantarum 6.0 30 24 2.093 4.0 25 24 2.137 
L. casei B 5.0 30 48 1.994 4.0 30 26 1.384 
P. acidilactici (PAC.1.0) 5.0 30 72 1.397 4.0 25 55 0.735 
P. pentosaceus 34 6.0 30 24 1.814 4.0 30 24 1.664 
E. faecalis AS-48 var.77 BFE 1071 6.0 30 48 1.029 --- --- --- --- 
P. jensennii 6.4 30 48 1.577 --- --- --- --- 
L. lactis strains BFE 901 7.5 30 24 0.831 --- --- --- --- 
L. lactis strains BFE 902 7.5 30 72 1.042 --- --- --- --- 
L. lactis strains BFE 903 7.5 30 72 1.123 3.8 25 38 0.323 
L. lactis strains BFE 920 7.5 30 72 0.969 3.8 25 30 0.297 
L. lactis strains BFE 2072 7.5 30 24 0.757 --- --- --- --- 
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Figure 3.3: pH profiles of bioscreen cultures of BCN producers (supernatants of L. plantarum and  
 P. pentosaceus 34). Initial starting media pH 3.5, and incubation was at 30 and 37°C (in appropriate     
 broth media), after 24, 48 and 72 h (n=1).  
 
Cell growth increased as temperature increased, for P. pentosaceus 34 and L. casei 
B (Appendix 2).  P. pentosaceus 34 and P. acidilac (PAC.1.0) exhibited slower 
growth at 25°C (at pH 4.0 in MRS broth after 96 h). Cell growth increased with 
increasing pH; bioscreen growth curves of BCN producers, L. lactis 920 and L. lactis 
903, showed better growth for both of these BCN producers at pH 4.0, as compared 
to pH 3.8 (at 25°C), although both of these revealed low cell growth (OD<0.5 at 580 
nm). The growth of L. lactis BFE 903 at pH 3.6, 3.8 and 4.0 decreased at 37°C, 
when compared to growth at 25 and 30°C.  L. plantarum, P. pentosaceus 34, L. casei 
A and B, and P. acidilac (PAC.1.0) exhibited very slow growth at pH 3 and 3.5, 
similar to L. lactis at pH 3.6, at 25, 30 and 37°C.  
 
The average L. plantarum cell count at 25°C (5 log cfu/ml) was lower than the counts 
of 9.65 and 9.70 log cfu/ml at 30 and 37°C, respectively. The cell counts of L. casei 
B, P. pentosaceus 34 and L. lactis BFE 903 were similar with an average of 9.43 log 
cfu/ml at 25, 30 and 37°C, while cell counts of P. acidilactici (PAC.1.0) and L. lactis 
BFE 920 were discontinued due to relatively lower cell growth and antimicrobial 
efficacy levels demonstrated.  
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BCN produced by L. plantarum was heat stable after testing against indicator  
S. thermophilus, at 95°C for 15 minutes, exhibiting 6 400 AU/ml. This BCN was also 
stable under storage at cold / low temperature conditions (-80°C), and demonstrated 
activity after such storage. L. plantarum and P. pentosaceus 34 were the most 
prolific producers of BCNs and used for further analysis. 
 
3.2.3 Antimicrobial activity of BCNs from L. plantarum and P. pentosaceus 34 
 
The spectrum of antimicrobial activities of the BCNs produced during the bioscreen 
experiments are shown in Tables 3.4 and 3.5, and Appendix 2 (bioscreen examples). 
BCN activity (of supernatants) of L. plantarum and P. pentosaceus 34 at pH 3.0, 3.5 
and 4.0 after 24, 48, 72 and 96 h, was tested at 30°C against indicator spoilage 
bacteria and fungi (Acetobacter, S. thermophilus and S. cerevisiae) in order to 
determine their viability (Table 3.4). The inhibition zones due to the BCNs contained 
in the supernatants of the BCN producers, L. plantarum and P. pentosaceus 34, 
produced during bioscreen experiments at 37°C, are shown in Figure 3.4. Changes 
in the pH of BCN supernatants (i.e. initial and adjusted) did not affect inhibitory 
activity against the spoilage bacteria and fungi. The effect of LA on these SPOs by 
spotting of the LA-adjusted MRS (at pH 3, 3.5 and 4) indicated that LA on its own 
had no inhibitory effect at these pH values (Figure 3.4).  
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Table 3.4:   Spectrum of antimicrobial activity of BCNs from L. plantarum and P. pentosaceus 
34 at different pH values and incubation times. 
 
          BCN Supernatants 
 L. plantarum          P. pentosaceus 34  
 Initial 
pH 
Adjusted 
pH 
Initial 
pH 
Adjusted 
pH 
Control:  
MRSb  
pH: 3.5   4.0 3.5a   4.0a 3.5   4.0 3.5a   4.0a 3.0 3.5 4.0 
Indicator Organism  
After 24 h 
       
Acetobacter spp. 8303 (ATCC) ++    ++ +      ++  -     ++  -     + -   
S. thermophilus (NCIM 50083) ++    +++ ++    +++  -     ++  -     ++ -   
S. cerevisiae (BFE) ++    ++ +      ++  -     +  -     + -   
After 48 h        
Acetobacter spp. 8303 (ATCC) ++    ++ ++    ++  -     ++  -     +  -  
S. thermophilus (NCIM 50083) +++  +++ +++  +++  -     +++  -     ++  -  
S. cerevisiae (BFE) ++    ++ ++    ++  -     ++  -     ++  -  
After 72 h        
Acetobacter spp. 8303 (ATCC) ++    ++ ++    +++ ++   ++ +     ++   - 
S. thermophilus (NCIM 50083) +++  +++ +++  +++ ++   +++ ++   +++   - 
S. cerevisiae (BFE) ++    ++ ++    + +     ++ +     ++   - 
After 96 h        
Acetobacter spp. 8303 (ATCC)  -      ++  -      -  -     ++  -     -    
S. thermophilus (NCIM 50083)  -      +++  -      -  -     +++  -     -    
S. cerevisiae (BFE)  -      ++  -      -  -     -  -     -    
Note:  
Comparative antimicrobial potency / clearing efficacy scale: 
(-) Resistance to BCN; test conducted, but no inhibition zone detected (negative inhibition); 
(+) Inhibition zone 2 - 9 mm , low antimicrobial activity; 
(++) Inhibition zone 10 - 14 mm , moderate antimicrobial activity; 
(+++) Inhibition zone ≥ 15 mm , high antimicrobial activity. 
a: pH adjusted with 0.1M NaOH to 6.5 – 7.0.  
b: Control MRS adjusted with LA. 
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(a) 
 
 
(b) 
 
(c) 
 
(d) 
 
(e) 
 
 
Figure 3.4:  Antimicrobial activities of BCN supernatants indicated by zones of inhibition. L. plantarum 
(position 1) and P. pentosaceus 34 (position 3) were overlaid with indicators: a) L. acidophilus  NCFB 
104, b) L. gallinarum NCFB 2235, c) Acetobacter 8303 ATCC, d) S. thermophilus NCIMB 50083 and 
e) S. cerevisiae BFE (top view). Positions 2, 4, 5 and 6 indicate where L. plantarum supernatant 
treated with PK, and LA-adjusted MRS controls to pHs 3.0, 3.5 and 4.0, respectively, were spotted. 
 
BCN activities were expressed in activity units (AU/ml) (Section 2.3.2) and are 
shown in Table 3.5, for L. plantarum and P. pentosaceus 34 from bioscreen 
experiments at 30°C. For P. pentosaceus 34 there was a 75% reduction in activity 
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compared to L. plantarum with 0% reduction at pH 4.0, and 87.5 vs 75% reduction at 
pH 3.5 after 72 h. This was also the case when compared with the initial and 
adjusted pH values.   
 
Table 3.5:   Activities of BCNs produced by L. plantarum and P. pentosaceus 34 strains.  
S. thermophilus NCIMB 50083 was used as indicator. 
  BCN 
activity 
(AU/ml) 
Reduc-
tion in 
BCN 
activitya  
BCN 
activity 
(AU/ml)  
Reduc- 
tion in 
BCN 
activitya  
BCN 
activity 
(AU/ml)  
Reduc-
tion in 
BCN 
activitya  
BCN 
 
pH 24 h  48 h  72 h  
L. plantarum 3.5 initial 1 600 87.5 3 200 75 3 200 75 
L. plantarum 6.5 – 7.0b 1 600 87.5 3 200 75 3 200 75 
L. plantarum 4.0 initial 6 400 50 12 800 0 12 800 0 
L. plantarum 6.5 – 7.0b 6 400 50 - - - - 
P. pentosaceus 34 3.5 initial - - - - 1 600 87.5 
P. pentosaceus 34 6.5 – 7.0b - - - - 1 600 87.5 
P. pentosaceus 34 4.0 initial 800 93.75 3 200 75 3 200 75 
P. pentosaceus 34 6.5 – 7.0b 800 93.75 3 200 75 3 200 75 
    Note:  
    (-) not tested, or, in the case of P. pentosaceus 34 at pH 3.5, no activity initially detected; 
    only after 72 h was activity detected. 
    a: Expressed as a %, based on the highest activity recorded (12 800 AU/ml)(n=1). 
    b: pH adjusted with 0.1M NaOH to 6.5 – 7.0.  
 
 
Antimicrobial activity results and the inhibition zones produced by the BCNs of  
L. plantarum and P. pentosaceus 34 from bioscreen experiments at 25, 30 and 37°C, 
at pH 3.0, 3.5 and 4.0 in MRS, after 24, 48 and 72 h, were determined against 
spoilage indicators Acetobacter spp. 8303 ATCC, S. thermophilus NCIMB 50083 and 
S. cerevisiae BFE, examples of which can be seen in Figure 3.5. The inhibition 
zones of the pH-adjusted BCN supernatants showed similar results to the initial BCN 
supernatants. L. plantarum and P. pentosaceus 34 showed similar activities against 
Acetobacter spp. 8303 (ATCC) and S. thermophilus (Figure 3.5). 
 
 
 
 
61 
 
(a) 
 
 
(b) 
 
Figure 3.5: Inhibition zones depicting activity of diluted BCNs from bioscreen experiments, against 3 
different indicator spoilage bacteria and fungi. a) BCN activity inhibition zones produced by 1:1 
dilutions of the BCN of L. plantarum (from bioscreen experiment at 25°C, pH 4.0), after 24 h. Indicator 
organisms: Acetobacter spp. 8303 ATCC, S. thermophilus NCIMB 50083 and S. cerevisiae BFE, 
(from left to right), respectively. b) Inhibition zones produced by the BCNs of L. plantarum (positions 1 
and 2) and P. pentosaceus 34 (positions 5 and 6) initial, and neutralised, respectively (from bioscreen 
experiment at 37°C, pH 4.0, after 48 h). Indicator organisms: Acetobacter spp. 8303 ATCC, S. 
thermophilus NCIMB 50083 and S. cerevisiae BFE, respectively, (left to right). L. casei B and L. lactis 
BFE 903, initial, and neutralised, were spotted at positions 3, 4, 7 and 8, respectively, under the same 
conditions.  
 
L. casei B and L. lactis BFE 90 did not exhibit antimicrobial activity against 
Acetobacter spp. 8303 ATCC, S. thermophilus NCIMB 50083 and S. cerevisiae BFE, 
while L. plantarum and P. pentosaceus 34 showed antimicrobial activity against a 
wide range of spoilage bacteria and fungi. 
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3.3 DISCUSSION 
 
The seven BCN producers selected (after the initial eleven) exhibited antimicrobial 
activities against spoilage bacteria and fungi from the culture collections and spoilt 
commercial juices. The highest antimicrobial activities were observed with  
L. plantarum and P. pentosaceus 34, and their BCNs inhibited mould growth after 16 
days.  
 
PK degraded the BCNs of all seven BCN producers when tested against sample 
spoilage bacteria and fungi. This indicated that the BCNs produced were 
proteinaceous in nature and implied that the antimicrobial activity was due to the 
BCN and not some other ancillary effect (e.g. pH / acid / chemical agent). This was 
supported by the LA in media control experiments (at different pH ranges). This is 
similar to findings by other researchers where BCNs produced by L. pentosus 
(Okkers et al., 1999), L. plantarum ST26MS and ST28MS (Todorov and Dicks, 
2005), L. pentosaceus (Pinto et al., 2009) and L. fermentum UN01 isolate 
(Udhayashree et al., 2012) were proteinaceous in nature. Activities of these BCNs 
were inhibited by hydrolytic enzymes PK, papain, lipase, α-amylase and pronase. 
Javed (2009) also isolated BCN producing Enterococcus spp. with activity against 
Listeria, using PK as proteolytic enzyme.  The effects of PK, as compared to other 
proteolytic enzymes (α-chymotrypsin, pepsin, trypsin, and papain), have been 
documented previously (Moreno et al., 2003; Kang and Lee, 2005). They tested 
antibacterial activities of the BCNs, i.e. enterocins, including in particular GM-1 
produced by strains of Enterococcus faecium, using Listeria innocua and Proteus 
mirabilis as indicator strains. GM-1 BCN with PK produced a smaller zone of 
inhibition as compared to without PK, indicating a substantial decrease in 
antibacterial activity, which is similar to the results observed in this study.  However, 
after exposure to a neutral pH, the antibacterial inhibitory activity of GM-1 was 
maintained and activity was higher at acidic pH (Moreno et al., 2003; Kang and Lee, 
2005). These results were also similar to the findings of this study and to those of 
other researchers such as Okkers et al. (1999), who determined the resistance of 
pentocin TV35b to proteolytic enzymes such as PK and papain. 
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Growth of L. lactis BFE 903 BCN producer decreased at 37°C irrespective of the pH, 
while growth of L. casei B at 37°C and pH 4.0 was higher than that of L. plantarum. 
Growth of P. pentosaceus 34 also decreased at 37°C. Todorov and Dicks (2004a) 
reported that the growth temperature affected BCN production with no production of 
BCN from L. pentosus ST151BR at 37°C, but rather at 30°C. The bioscreen growth 
curves at different temperatures revealed that L. plantarum showed the highest 
growth levels at 25°C, and P. pentosaceus 34 and L. casei B at 30°C. The ideal 
conditions for optimal growth of L. plantarum and P. pentosaceus 34 producers were 
25 and 30°C, respectively, and pH 4.0. During the bioscreen experiments, a lower 
pH range was used to determine the optimum performing BCN producers in the 
citrus juice pH range. There was a decrease in the pH of L. plantarum and  
P. pentosaceus 34 as LA was produced over time. P. pentosaceus 34 growth 
resulted in a decrease in pH as temperature increased as compared to L. plantarum. 
However, the temperature alone did not influence the pH of the medium used for  
L. plantarum growth. Overall, L. plantarum had a lower pH range than  
P. pentosaceus 34, likely due to increased LA production. By comparison, during 
determination of the effect of pH on the antimicrobial efficacy of BCN (partially 
purified) from isolates of natural LA fermentation, from a Lactobacillus spp. isolate 
(CA44), Joshi et al. (2006) showed that the partially purified BCN exhibited maximum 
antimicrobial activity against target micro-organisms at pH 5.0, after which the BCN 
activity gradually decreased. This result was similar to that of Todorov and Dicks 
(2005), who found that at a pH below 4.0, the activity of BCN ST28MS decreased by 
50%, which was similar to the findings of this study.  
 
In this study, BCNs produced larger zones of inhibition at pH 4.0, rather than pH 3.5. 
The BCNs where the pH was adjusted had similar results to the initial pH of 3.0 - 4.0.  
This confirmed that the inhibitory activity was due to the BCNs and not the acidic pH 
of LA. Similar results were observed by McNamee et al. (2010). Adjusting the pH 
(with NaOH) of cell free supernatants containing BCNs from L. plantarum ST26MS, 
L. plantarum 423, L. mesenteroides ST33LD and E. faecium ST311LD, was also 
applied by other researchers (Todorov and Dicks, 2004a) during antimicrobial activity 
tests against various SPOs.  L. plantarum in this study had the highest activity  
(12 800 AU/ml; 0% reduction in activity at pH 4.0). The % reduction in BCN activity 
obtained was similar to that obtained by Todorov and Dicks (2004a).  
64 
Heat-treated supernatants of L. plantarum remained stable and retained activity      
(6 400 AU/ml). This isolated BCN revealed similar heat stability to other BCNs, such 
as piscicocin CS526 (active against Listeria, Enterococcus, Pediococcus and 
Leuconostoc). They were stable at 100°C for 30 min, active over a pH range of 2 - 8 
(Yamazaki et al., 2005), and BCN GM-1 (supernatant produced by Enterococcus 
faecium) which was heat stable (Kang and Lee, 2005). Todorov and Dicks (2005) 
also found that BCNs, ST26MS and ST28MS from L. plantarum isolated from 
molasses, remained active after 20 min at 121°C. Other BCNs  from  
L. plantarum strain 21B and L. corniformis subsp. corniformis, have been 
investigated for their inhibition of heat resistant SPOs: Aspergillus fumigatus,  
A. nidulans, Penicillium roqueforti, Mucor hiemalis, Fusarium poae, F. graminearum, 
F. culmorum, F. sporotrichoides, Eurotium repens, E. rubrum, P. corylophilum, 
Endomyces fibuliger, A. flavus and Monilia sitophila, and yeasts: Debaryomyces 
hansenii and Kluyveromyces marxianus (Lavermicocca et al., 2000; Magnusson and 
Schnürer, 2001).  
 
In this study, many BCN producers were screened to determine which one would be 
the most effective against juice spoilage bacteria and fungi. L. plantarum and  
P. pentosaceus 34 were selected for further studies, with the focus on optimising 
BCN production. 
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CHAPTER FOUR 
 
L. plantarum BACTERIOCIN IDENTIFICATION AND PRODUCTION  
 
 
4.1 INTRODUCTION 
 
The effect of medium composition on the production of BCNs has been extensively 
studied (Todorov and Dicks, 2005; Powell, 2006; Javed, 2009; Nowak and Libudzisz, 
2009) and BCN production is strongly dependent on media components, such as 
nitrogen sources (meat extract, yeast extract, peptone and tryptone), carbon sources 
(carbohydrates, i.e. glucose), supplements derived from oleic acid (Tween 80), as 
well as pH and temperature (Todorov and Dicks, 2004a; McNamee et al., 2010; 
Juodeikiene et al., 2012). It has also been reported that pH and nitrogen 
concentration could influence cell growth and BCN production, where an increase in 
nitrogen levels also increased BCN concentrations (Van den Berghe et al., 2006; 
Powell, 2006). The presence of complex nitrogen sources in the lactobacilli MRS 
medium was reported to be essential for the production of BCN from E. faecium  
GM-1 while the replacement of glucose with galactose as the carbon source in the 
growth medium resulted in decreased BCN production (Kang and Lee, 2005). 
 
Elevated BCN concentrations were obtained by optimising the nutrient availability;  
using MRS supplemented with protein and trace elements such as soya, Tween 80 
and MnSO4, tryptone, mannose, glucose, vitamin C, vitamin B12, vitamin B1 and  
DL-6,8-thioctic acid (Todorov and Dicks, 2007). Maximum BCN production occurred 
during mid-log to early stationary phase of growth (about 12 - 32 h), depending on 
the media composition. However, maximum BCN concentrations did not coincide 
with the log phase of growth (Todorov and Dicks, 2007). Thus studies on growth 
optimisation of the BCN producer, L. plantarum in fruit juice, would also provide 
useful information for future scaling-up of BCN production in juices.   
Antimicrobial activity of BCN against spoilage bacteria and fungi isolated from juices 
has been described (Grande et al., 2005; Joshi et al., 2006; Pratush et al., 2012) and 
a number of BCN producing strains of P. pentosaceus and L. plantarum have been 
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reported (Torriani et al., 2001; Todorov and Dicks, 2005; Drider et al., 2006; Shin et 
al., 2008; Javed, 2009; Todorov and Dicks, 2009). Synergistic activity of BCN (nisin 
or enterocin AS-48) in combinations with mechanical [pulsed electric field (PEF) or 
HIPEF] and chemical preservation agents has been reported (McNamee et al., 2010; 
Sobrino-Lopez et al., 2009). SB, natamycin, LA and BA were added to orange juice, 
and enterocin AS-48 and nisin were added to milk, in addition to HIPEF.  However, 
inhibitory activity of BCN which was initially produced in juice media, followed by 
inoculation into RTD orange juices containing spoilage bacteria and fungi, have not 
been previously investigated.  
 
The molecular weight of the polypeptide(s) responsible for the antimicrobial activity 
also needed to be established. In addition to the SEC approach used in this study, 
other researchers determined the molecular weight of BCN by means of SDS-PAGE, 
and after purification by SP-Sepharose chromatography and / or RP-HPLC, 
electrospray mass spectrometry (EMS) analysis was used (Pingitore et al., 2007; 
Todorov and Dicks, 2004b, 2009).  
 
The objectives of this chapter were to determine the effect of medium components in 
optimisation of BCN production in L. plantarum, investigate possible synergistic 
activity of the BCNs against SPOs in fruit juices and establish the molecular weight 
of the BCN exhibiting antimicrobial activity.  
 
 
4.2 RESULTS  
 
4.2.1 Activity of BCN from L. plantarum and P. pentosaceus 34 after growth in 
fruit juice medium 
 
The initial pH of juice concentrate (Clementine) (C) was 3.38 and after dilution with 
dH2O, increased to 3.58. The pH of the BCNs (cell free supernatants), from  
L. plantarum and P. pentosaceus 34 “from juice concentrate” and diluted (conc. 
Clementine and dH2O; Section 2.4.1), decreased (3.58 - 3.40) and increased (3.58 - 
3.67), respectively, over the 72 h period. However, as previously demonstrated in 
Chapter 3, when grown in MRS medium, the pH of both L. plantarum and  
P. pentosaceus 34 decreased below the pH of the starting medium after 72 h.  
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L. plantarum exhibited antimicrobial activity against Acetobacter spp.,  
S. thermophilus and S. cerevisiae, irrespective of whether it was first exposed to low 
pH conditions (i.e. cultured in MRS at pH 3.5, followed by incubation in juice 
concentrate) or not (Table 4.1). Therefore, exposure of the BCN producer to the low 
pH found in juices was not necessary for future experiments. P. pentosaceus 34 did 
not grow in juice concentrate and thus only L. plantarum was used further in this 
experiment. 
 
Table 4.1:   Inhibitory spectrum of BCN produced by L. plantarum isolated from juice media. 
 
 BCN activity indicated by zones of inhibition  
Time and 
indicator SPO 
L. plantarum 
MRS 
L. plantarum 
“from MRS and 
dilute juice”b  
 
L. plantarum 
“from juice 
concentrate”c   
L. plantarum 
“from MRS 
and juice 
concentrate”d  
 
 
Initial 
pH 
Adjusted 
pH a 
Initial 
pH 
Adjusted  
pH a 
Initial 
pH 
Initial 
pH 
After 48 h       
Acetobacter spp. 
8303 ATCC. 
++ ++ 
 
++ ++ - - 
S. thermophilus 
NCIMB 50083 
+++ +++ 
 
+++ +++ - - 
S. cerevisiae BFE ++ ++ 
 
++ ++ - - 
After 72 h       
Acetobacter spp. 
8303 ATCC. 
++ ++ 
 
++ ++ ++ + 
S. thermophilus 
NCIMB 50083 
+++ +++ 
 
+++ +++ ++ ++ 
S. cerevisiae BFE ++ ++ ++ ++ ++ + 
Note:  
(+) Inhibition zone 2-9 mm , low antimicrobial inhibition;  
(++) Inhibition zone 10-14 mm , moderate antimicrobial inhibition;  
(+++) Inhibition zone ≥ 15 mm , high antimicrobial inhibition. 
a: pH adjusted with 0.1 M NaOH to 6.5 - 7.0.  
(-) not determined (little or no growth was expected in juice concentrate prior to 72 h). 
b: “From MRS and dilute juice” media: BCN producer first being incubated in ideal growth medium 
(MRS) (at 30°C and pH 3.5 for 24 h) before being transferred to grow in diluted Clementine 
concentrate (2 conc. and 8 sterile dH2O = 15.4°Brix; Aw = 0.960). 
c: “From juice concentrate”: BCN producer first being incubated in concentrated Clementine juice 
(64°Brix; Aw = 0.791), at 30°C for 72 h, and thereafter diluted (2 conc. and 8 sterile dH2O). 
d: “From MRS and juice concentrate”: BCN producer first being incubated in ideal growth medium 
(MRS) (at 30°C and pH 3.5 for 24 h) before being transferred and incubated in concentrated 
Clementine juice (at 30°C for 72 h), and thereafter diluted (2 conc. and 8 sterile dH2O). 
 
L. plantarum and P. pentosaceus 34 BCNs (cell free, clear and heat shocked 
supernatants) were spotted against indicator SPO S. thermophilus and their activities 
determined (Table 4.2). L. plantarum (initial) had optimum growth (9.59 and 9.57  
log cfu/ml after 48 and 72 h, respectively), followed by L. plantarum (from juice 
concentrate; 9.23 and 9.52 log cfu/ml after 48 and 72 h, respectively) and  
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P. pentosaceus 34, with the lowest cell growth (7.56 and 7.85 log cfu/ml after 48 and  
72 h, respectively). BCN from L. plantarum showed higher activity (even after being 
incubated in juice concentrate, with a 50% reduction in activity), as compared to the 
BCN from P. pentosaceus 34 (initial), which showed an 87.5% reduction in activity 
after 48 h (Table 4.2).  
 
Table 4.2:   Activities (AU/ml) of BCN supernatants from L. plantarum and P. pentosaceus 34 
grown in juice in test tubes at 30°C. Indicator SPO was S. thermophilus NCIMB 
50083. 
 
Juice Medium BCN pH AU/ml 
48 h 
Reduction 
in BCN 
activitya  
AU/ml 
72 h 
Reduction 
in BCN 
activitya  
Diluted Clementine L. plantarum 3.6 initial 12 800 0 12 800 0 
Diluted Clementine L. plantarum “from juice 
concentrate” b 
at 3.6 
6 400 50 6 400 50 
Diluted Clementine P. pentosaceus 34 3.6 initial 1 600 87.5 3 200 75 
From juice 
concentrate 
L. plantarum 3.6 initial 100 99.2 1 600 87.5 
From juice 
concentrate 
P. pentosaceus 34 3.6 initial  0 100  0 100 
Note:  
a: Expressed as a %, based on the highest activity recorded (12 800 AU/ml)(n=1). 
b: “From juice concentrate”: BCN producer first being incubated in concentrated Clementine juice 
(64°Brix; Aw = 0.791), at 30°C for 72 h, and thereafter diluted (2 conc. and 8 sterile dH2O). 
 
 
4.2.2 Effect of simultaneous addition of BCNs from L. plantarum and  
 P. pentosaceus 34  
  
A combination of BCNs from L. plantarum and P. pentosaceus 34 grown in juice 
[C:V; 1:1 (1 conc. and 7 sterile dH2O)], exhibited antimicrobial activity against  
S. thermophilus NCIMB 50083 and L. acidophilus NCFB 104 (Figure 4.1). There was 
a 2 log reduction in cell numbers of both S. thermophilus NCIMB 50083 and  
L. acidophilus NCFB 104, in the presence of either, or a combination of the applied 
BCNs from L. plantarum and P. pentosaceus 34. 
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Figure 4.1: Activities of BCNs from L. plantarum and P. pentosaceus 34, and a combination of both 
BCNs, produced in juice. [C:V; 1:1 (1 conc. and 7 sterile dH2O)] against SPO indicators,  
S. thermophilus NCIMB 50083 and L. acidophilus NCFB 104, at 30ºC (n=1). 
 
The initial activity of L. plantarum BCNsup (12 800 AU/ml) remained at this level after  
36 h against S. thermophilus NCIMB 50083 (17% reduction in cell numbers relative 
to the control), but decreased to 6 400 AU/ml against L. acidophilus NCFB (36% 
reduction in cell numbers relative to the control). The BCN from L. plantarum showed 
the highest activity and was therefore investigated further. 
 
4.2.3 Effect of MRS medium and supplements on growth of L. plantarum 
 
Activity of BCN from L. plantarum grown in MRS and MRS supplemented media was 
determined in order to ascertain the optimal MRS media for production of BCN 
(Figure 4.2 and Table 4.3). In nutrient combinations with MRS, optimum cell growth 
was observed by supplementation with Tween 80, followed by peptone and 
MnSO4.H2O (Figure 4.2 A and B).  
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Figure 4.2: Effect of MRS medium and supplements on L. plantarum growth at 30°C in MRS medium 
as well as individual and combination of supplements. A: MRS alone, MRS and all supplements 
combined, and MRS and peptone; B: MRS alone, MRS and MnSO4.H2O, and MRS and Tween 80.  
Values are means ± SD (n=3). 
 
The highest activity was observed in the BCN from L. plantarum grown in MRS and a 
combination of all supplements, followed by MRS and Tween 80, peptone, 
MnSO4.H2O and MRS alone (lowest activity) (Table 4.3). The relatively high SD 
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values were as a result of varying BCN producer cell numbers within the growth 
medium across replicates. 
Table 4.3:   Activities of BCN (indicator organism L. acidophilus) from L. plantarum in 
MRS medium and supplements at 30°C. 
 
    BCN from  
L. plantarum 
Media components 
 
Concentration 
(%) 
pH Time 
(h) 
BCN 
activity 
max. 
(AU/ml) 
SD Reduction 
in BCN 
activitya 
MRS+ combination of 
all individual 
supplements 
As below 3.95 12 5 333 1848 0 
MRS alone 100 v/v 3.88 16 2 667 924 50 
MRS + peptone 1.7 m/v 3.98 12 3 200 924 40 
MRS + MnSO4.H2O 0.014 m/v 3.99 12 3 200 0 40 
MRS + Tween 80 1.0 v/v 3.68 24 3 733 2444 30 
  Note:  
  a: Expressed as a %, based on the highest average activity recorded (5 333 AU/ml). 
  Values are means ± SD (n=3). 
 
4.2.4 Effect of various juice media (Clementine:Valencia) and supplements on  
 growth of L. plantarum  
 
BCN production from L. plantarum via multifermenters in fruit juice medium [C:V; 1:1 
(1 conc. and 7 sterile dH2O)] was optimised by supplementation with various 
nutrients, trace elements and combinations thereof. Results of these experiments 
are shown in Figure 4.3 and Tables 4.4 - 4.6. 
 
Supplementation of juice with various nutrients and trace elements had different 
effects on the L. plantarum growth rate. The initial cell numbers of L. plantarum 
grown in juice alone declined after 16 h, since the juice medium used could not 
sustain the growth (Figure 4.3A). The highest cell numbers were observed for juice 
and whey (Figure 4.3C), followed by juice and all supplements combination (Figure 
4.3A), juice and peptone (Figure 4.3A), juice and MnSO4.H2O (Figure 4.3B), juice 
and glucose (Figure 4.3C), and juice and Tween 80 (lowest cell growth) (Figure 
4.3B). The highest overall L. plantarum cell numbers were obtained after 24 h using 
juice and whey (Figure 4.3C). 
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Figure 4.3: Effect of various juice media on L. plantarum growth at 30°C in juice (C:V), as well as individual and a combination of supplements. A: juice alone, 
juice and all supplements combined, and juice and peptone; B: juice alone, juice and MnSO4.H2O, and juice and Tween 80; C: juice alone, juice and glucose,  
and juice and whey; D: juice alone and juice at constant pH (pH 3.4). Values are means ± SD (n=3). 
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In contrast to the juice and whey combination yielding optimum growth (Figure 4.3C),  
the juice nutrient combination of all individual supplements produced the highest 
overall BCN activity (Table 4.4), followed by juice and Tween 80, juice at constant 
pH, while juice and whey, peptone and MnSO4.H2O showed equal activities, followed 
by juice alone, and juice and glucose (lowest activity). These results indicate that the 
best juice and individual nutrient / trace element growth medium combination was 
juice and Tween 80 (Table 4.4). However, juice and Tween 80, and MRS and Tween 
80 media both showed a 30% reduction in activity, compared to the combinations of 
all supplements (Tables 4.3 and 4.4).  
Table 4.4:   Activity (indicator organism L. acidophilus) of BCN from L. plantarum 
grown in juice (C:V) and supplements at 30°C.  
 
    BCN from  
L. plantarum 
Media components 
 
Concentration 
(%) 
pH Time 
(h) 
BCN 
activity 
max. 
(AU/ml) 
SD Reduction 
in BCN 
activitya 
Juice + combination 
of all individual 
supplements 
As below 3.34 20 2 667 924 0 
Juice alone 100 v/v 3.48 24 800 0 70 
Juice + peptone 1.7 m/v 3.40 32 1 333 462 50 
Juice + MnSO4.H2O 0.014 m/v 3.36 24 1 333 462 50 
Juice + Tween 80 1.0 v/v 3.35 32 1 867 1 222 30 
Juice + glucose 1.0 m/v 3.32 32 667 231 75 
Juice + whey  3.0 m/v 3.36 24 1 333 462 50 
Juice at constant pH 
(CaCO3 addition) 
100 v/v 3.36 24 1 600 - 40 
   Note:  
    (-): single result. 
     a: Expressed as a %, based on the highest average activity recorded (2 667 AU/ml). 
 Values are means ± SD (n=3). 
The relatively high SDs were as a result of naturally varying BCN producer cell 
numbers within the growth medium, especially in the case of Tween 80, where the 
polysorbate structure could have affected the BCN activity assay. 
 
Specific activity values of L. plantarum BCN increased (Table 4.5) at lower pH 
values. The initial L. plantarum culture pH in MRS broth and juice [C:V; 1:1 (1 conc. 
and 7 sterile dH2O)], both with supplements combination, was 6.12 and 3.75, with 
decreases in final pH of 2.52 and 0.55, respectively, after 32 h growth. In terms of 
specific activity values, juice (with additional supplements) was a 1.8 times better 
medium for BCN production compared to MRS (Table 4.5). 
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Table 4.5:   pH and specific activity values after growth and production of BCN from L. 
plantarum in MRS (after 12 h) and juice media (after 20 h) (indicator organism L. 
acidophilus) respectively (at AU max.) at 30°C. Values are means ± SD (n=3). 
 
 BCN from L. plantarum 
 MRS + 
supplements 
combination 
SD Juice + 
supplements 
combination  
SD 
Initial pH 6.12 0.006 3.75 0.046 
Final pH 3.60 0.012 3.20 0.050 
∆ pH 2.52  - 0.55 - 
BCN activity (AU/ml) max. 5 333 1 848 2 667 924 
cfu/ml (at AU max.) 6.21x109 1.87x108 1.71x109 6.04x108 
BCN specific activity 
(AU/ml)/(cfu/ml) max. 
858.8x10-9 4.46x10-7 1559.6x10-9 7.95x10-7 
Reduction in BCN activitya 0 - 50 - 
Note:  
a: Expressed as a %, based on the highest activity recorded (5 333 AU/ml). 
(-): not applicable.  
Dilution plate counts were used as the measure of cell numbers.   
 
There was a decrease in pH for L. plantarum grown in MRS, and MRS and the 
various supplements. This was similar to the decrease in pH observed for  
L. plantarum grown in juice with various nutrients and trace elements (Figure 4.4). 
Initial pH was 3.75 for juice [C:V; 1:1 (1 conc. and 7 sterile dH2O)] and supplements 
combination and 3.44 for juice [C:V; 1:1 (1 conc. and 7 sterile dH2O)] and whey. 
Final pH values were 3.43 for juice and peptone, and 3.20 for juice and supplements 
combination (Figure 4.4).  
 
Figure 4.4: Production of BCN from L. plantarum in juice and MRS with supplement combinations.  
Antimicrobial activity is presented as AU/ml against L. acidophilus. Changes in cell numbers and pH 
are also indicated. Values are means ± SD (n=3). 
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The specific activity of BCN from L. plantarum in juice and supplements combination 
was higher than in MRS medium and supplements combination, with the highest 
specific activity in juice [C:V; 1:1 (1 conc. and 7 sterile dH2O)]  occurring after 28 h, 
and in MRS after 12 h (Table 4.6).  
 
Table 4.6:   Specific activity values of BCN from L. plantarum in juice and MRS media, and 
combination of all supplements (indicator organism L. acidophilus) at 30°C.  
 
                        Specific activity of BCN (AU/ml)/(cfu/ml)  
Time (h) 0 4 8 12 16 20 24 28 32 
Juice + supplements 
combination (x106) 
0.00 1.49 1.08 1.07 0.85 1.32 1.25 1.56 0.88 
SD (x107) 
 
0.00 1.43 0.74 8.35 1.41 7.95 7.19 9.83 9.62 
MRS+ supplements 
Combination (x106)  
0.00 0.45 0.95 1.38 0.84 0.41 0.86 0.77 0.47 
SD (x107) 0.00 1.15 3.57 4.46 2.73 1.56 4.55 2.64 2.62 
% increase in BCN specific activities 
in juice compared with MRS media# 
 231.1 13.7 -22.5 1.2 222.0 45.3 102.6 87.2 
     Note:  
Values are means ± SD (n=3). 
BCN specific activity was determined relative to BCN producer cell growth in MRS and juice, and 
supplement combinations of all supplement ingredients and trace elements. 
#: % increase in BCN specific activity = (BCN specific activity in juice - BCN specific activity in 
MRS) / BCN specific activity in MRS x 100%. 
 
 
4.2.5 PCR identification of L. plantarum 
 
The identification of the BCN producer L. plantarum was confirmed by biochemical 
tests (Section 2.1) and genetic analysis by PCR amplification of the recA gene which 
has been documented to differentiate between Lactobacillus species. A 318 bp 
amplicon was detected and upon sequencing showed 100% identity to L. plantarum 
(Figure 4.5).  
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Figure 4.5: L. plantarum identification by PCR and sequencing. A: amplification products obtained 
from the recA PCR species-specific test; M: marker hyperladder IV (Bioline), lane 1: negative control; 
lane 2: L. plantarum; B: alignment of the recA sequence of the isolate of this study, L. plantarum, with 
the L. plantarum recA sequence (Accession number: CP006033) deposited in GenBank. 
 
4.2.6 Identification of BCN-active polypeptide fraction using size exclusion 
 chromatography  
 
SEC was used to separate various polypeptides and juice constituents in the 
BCNsup containing 31.5 mg protein/ml [252 mg protein in 8 ml juice (C:V and 
supplements) supernatant, with juice (C:V and supplements) as control]. A calibrated 
SEC column (Superdex S75) was used for the FPLC experiment. Fractions were 
collected (Figure 4.6) and BCN activities of fractions collected (5 ml) were 
determined against indicator SPOs, S. thermophilus and L. acidophilus (Section 
2.4.1).  The BCN-active polypeptide fraction of L. plantarum eluted at 281 - 285 ml, 
corresponding to an approximate molecular weight of 3.2 kDa (as determined from 
the calibration curve in Figure 2.2), with a pooled BCN activity of 3 200 AU/ml. The 
other pooled peaks showed no BCN activity against the indicator SPOs.  
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        Elution volume (ml) 
Figure 4.6:  SEC of BCN produced by L. plantarum in juice (C:V, 1:1, and supplements). Column, 
Superdex S75, 2.6 x 60 cm; active fraction (*<>); A280nm (mAU); conductivity (mS/cm) (graph produced 
directly from FPLC software). 
 
4.2.7 Detection of BCN structural genes 
 
PCR analyses of BCN structural genes showed that plnEF, plnJ, plnK, plnN and the 
putative structural gene of plantaricin 423 were present in the L. plantarum strain. 
The positive results were further confirmed by DNA sequencing analyses, showing 
99, 99, 100, 97 and 99% sequence identity, respectively, to the sequences deposited 
in the GenBank nucleotide collection (Figures 4.7 - 4.11). However, the L. plantarum 
strain did not harbour plnNC8, plnW and plnS plantaricin genes.  
 
* 
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Figure 4.7: DNA sequence of amplified plnEF gene from L. plantarum in this study, aligned with the 
GenBank plnEF gene sequence (sequence corresponding to position 9209 to 9604 with accession 
number: GU138154.2). Sequence identity: 99%. 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8: DNA sequence of amplified plnJ gene from L. plantarum in this study, aligned with the 
GenBank plnJ gene sequence (sequence corresponding to position 366909 to 367338 with accession 
number: AL935263.2). Sequence identity: 99%. 
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Figure 4.9: DNA sequence of amplified plnK gene from L. plantarum in this study, aligned with the 
GenBank plnK gene sequence (sequence corresponding to position 359044 to 359251 with accession 
number: CP002222.1). Sequence identity: 100%. 
 
   
 
Figure 4.10: DNA sequence of amplified plnN gene from L. plantarum in this study, aligned with the 
GenBank plnN gene sequence (sequence corresponding to position 368282 to 368392 with 
accession number: AL935263.2). Sequence identity: 97%. 
 
   
 
Figure 4.11: DNA sequence of amplified putative structural gene of plantaricin 423 from L. plantarum 
in this study, aligned with the GenBank L. plantarum 423 gene sequence (sequence corresponding to 
position 492 to 574 with accession number: AF304384.2). Sequence identity: 99%. 
 
 
4.3 DISCUSSION 
 
In this study, citrus juice (Clementine and Valencia) was used for the first time as the 
growth medium for BCN producers, L. plantarum and P. pentosaceus 34. Other 
researchers (Grande et al., 2005; McNamee et al., 2010; Pratush et al., 2012) 
applied BCNs (i.e. nisin, natamycin, enterocin AS-48, or L. lactis AP2), to juice 
(pineapple, apple, peach, grapefruit, orange and mixed fruit) to inhibit SPOs, but they 
did not culture the BCN producer in the juice media. Optimisation of L. plantarum 
BCN production in juice media, through experimentation with various nutritional 
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supplements and trace elements, was performed, along with PCR identification of  
L. plantarum and the determination of the molecular weight of the BCN produced. 
 
Incubation of L. plantarum and P. pentosaceus 34 in Clementine juice concentrate 
(64°Brix; Aw = 0.791), without any supplementation followed by heat shock 
treatment / inactivation at 98°C (5 min) of the BCNsup resulted in active BCN 
production from L. plantarum. However, BCN from P. pentosaceus 34 did not show 
activity under these conditions. After 72 h, L. plantarum “from juice concentrate” 
(Table 4.1) had moderate antimicrobial activity against the three SPOs challenged 
(Acetobacter spp. 8303 ATCC, S. thermophilus NCIMB 50083 and S. cerevisiae 
BFE). Activity of L. plantarum was lower after first incubating the BCN producer in 
MRS, followed by incubation in concentrated juice and further incubation after 
dilution in dH2O, as compared to the activity obtained after only incubation in RTD 
juice. The term “conditioning” has been used in the FDA document, e.g. sodium 
stearyl maleate is a “conditioning agent”, i.e. an agent that improves the quality / 
activity of another component (FDA: 21 CFR 172.826; 2011). Incubation or 
“conditioning” of the BCN producers (over a period of a week) in pH-adjusted MRS 
(3.5) and / or in juice concentrate, did not seem to enhance BCN activity / growth, 
and thus will not be a necessary step in the industrial preparation of BCN solutions. 
There have been no other studies reported to date on incubation of BCN producers 
in citrus juice (C:V). However, in combination with PEF, McNamee et al. (2010) used 
LA (500 ppm), benzoic acid (BA) (100 ppm), natamycin (10 ppm) and nisin (2.5 
ppm), in order to determine the antibacterial effect on selected SPOs (E. coli k12,  
L. innocua and P. fermentans), inoculated into orange juice. 
 
Although L. plantarum survived a 3-day exposure after incubation in Clementine 
juice concentrate (64°Brix; Aw = 0.791), it was evident that the BCN activity values 
were twice as high (at 48 and 72 h) in the freshly diluted juice than in juice 
concentrate later diluted (50% reduction in activity). This was likely due to the low Aw 
of juice concentrate which has an inhibitory effect on the growth of the BCN 
producer, L. plantarum. 
 
The reduction / complete destruction of SPO indicators, S. thermophilus NCIMB 
50083 and L. acidophilus NCFB 104, inoculated into the citrus juice (C:V) proved 
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that the presence of the L. plantarum BCN independently produced in juice media, 
prevented growth of these SPOs (produced independently in ideal media). From the 
SPO survival graphs against the BCN tested, L. plantarum BCN caused the largest 
reduction in S. thermophilus cell growth (2.82 log reduction), followed by the BCN 
combination, L. plantarum: P. pentosaceus 34 (1:1 v/v) (2.16 log reduction), and  
P. pentosaceus 34 on its own (1.87 log reduction) after 36 h. Therefore, the 
combination of these two BCNs applied simultaneously was not synergistic in effect, 
the L. plantarum BCN being more active on its own against the SPOs challenged. 
This is contrary to the synergistic effect of combinations of nisin and a physical 
technique (PEF), or synthetic preservative, BA and PEF, applied simultaneously 
against SPOs, P. fermentans, E. coli k12 and L. innocua in orange juice (McNamee 
et al., 2010).  
 
The inhibitory activity of a BCN produced by L. lactis AP2 against food spoilage and 
pathogenic microorganisms such as B. cereus, E. coli, Shigella dysenteriae,  
S. aureus and P. aeruginosa, was tested by Pratush et al. (2012) who studied the 
effect of this BCN as preservative on mixed fruit and orange juice. They compared 
the activity of the BCN against the synthetic preservative, SB, and a control (SPO, 
but no preservative), inoculating the juice samples with test strain  
S. aureus (8.14 log cell concentration). They found on average, over a 12 day 
period, that the SPO cell count was reduced by the BCN and SB to 7.65 and 7.97 
log, respectively (compared to the control of 10.61 log), in orange juice and 7.48 and 
7.87 log, respectively (compared to the control of 10.57 log) in mixed fruit juice, but 
the biopreservative effect only lasted 72 h, after which the SPO cell counts started 
increasing again. In the author’s study, the L. plantarum BCN, P. pentosaceus 34 
BCN and L. plantarum BCN: P. pentosaceus 34 BCN combination decreased  
S. thermophilus and L. acidophilus cell counts by at least 1.8 and 2.0 log, 
respectively, after only 36 h (Figure 4.1). 
 
The combination of all supplements in MRS medium produced the lowest growth 
rate (likely due to the growth retardation effect of MnSO4.H2O, or the collective 
effects of a combination of MnSO4.H2O, peptone and Tween 80) (Figure 4.2 A).  
MRS alone gave optimum growth rates. Tween 80 supplementation produced the 
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lowest cell growth rate when added to juice. The total combination of all supplements 
in juice also produced low growth rates (likely due to the growth retardation effect of 
Tween 80). The average maximum BCN activity levels were  5 333 and 2 667 AU/ml 
in MRS (and supplement combination, initial pH 6.12) and juice (and supplement 
combination, initial pH 3.75), respectively (Table 4.5). In contrast, Todorov and Dicks 
(2004a) reported BCN levels (from L. pentosus ST151BR) of 6 400 AU/ml in MRS 
broth at pH 5.5 - 6.5. At pH 4.5, they recorded a BCN level of only 1 600 AU/ml. 
They also found that BCN production was reduced by more than 50% with the 
inclusion of Tween 80 in the medium. Although Tween 80 retarded cell growth 
(especially in juice), it increased the L. plantarum BCN activity by an average of 43% 
in the MRS and juice media.  
 
Sugars such as 1.0% (m/v) glucose in juice media decreased the BCN activity by 
17%, which correlated with similar results of Todorov and Dicks (2004a), who 
reported 50 - 75% losses in BCN activity in separate 4.0% (w/v) solutions of glucose, 
sucrose and fructose in MRS media, respectively. A similar negative impact on BCN 
E. faecium GM-1 activity by glucose was reported by Kang and Lee (2005). The best 
overall growth media combination for BCN production in citrus juice (C:V), was juice 
(pH not adjusted) and Tween 80 (1% v/v), peptone (1.7% m/v), MnSO4.H2O (0.014% 
m/v) and whey (3% m/v), while glucose and other sugars were omitted. BCN activity 
from the BCN producer in juice at constant pH was similar to that from juice and 
supplements containing media. Therefore, in industrial application, maintaining 
constant pH would not be necessary. 
 
It has been shown by Todorov and Dicks (2007) that for BCN ST712BZ, specific 
nutrients are required for its production. They grew BCN ST712BZ producer,  
L. pentosus, directly in individual nutrients and nutrient combination solutions, 
whereas in this study the BCN of choice was grown in citrus juice (C:V) or MRS, 
supplemented by the addition of nutrients or trace elements, and combinations 
thereof.  Contrary to the decreased cell growth in MRS and nutrients combination, 
the BCN activity was higher than in any of the MRS medium and individual nutrient 
combinations. This was similar to the BCN activity results obtained for citrus juice 
(C:V) (Tables 4.3 - 4.5), and indicated that the optimum MRS-individual nutrient / 
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trace element growth medium combination for BCN activity was MRS and Tween 80, 
followed by MRS and peptone or MnSO4.H2O.  
 
BCN production and antimicrobial activity cannot be based on cell growth rates 
alone, as was also demonstrated by Bogovic-Matijasic and Rogelj (1998), who 
reported that growth rate or cell mass of the producer strain does not always 
correlate with BCN activity levels. Aasen et al. (2000) and Todorov et al. (2000) 
found that often higher BCN activity levels are obtained at lower nutrient 
concentrations, pH and temperatures than normally required for optimum growth. 
When studying the biokinetics of cell growth and BCN production of E. faecium 
FAIR-E 406, Van den Berghe et al. (2006) reported that increasing the pH step-wise, 
as well as doubling the nitrogen source concentration, moved the BCN production 
towards a higher cell density termination level. 
 
The largest pH change was the juice combination with all supplements tested, 
starting at pH 3.75, decreasing to 3.20 over 32 h (Table 4.5), followed by juice and 
peptone, and juice medium alone (without supplements). The decrease in pH gives 
an indication of BCN production by L. plantarum, which was later verified by the 
activity (AU/ml) versus time results, indicating the larger the pH decrease, the higher 
the resultant BCN production. The decrease in pH for juice alone, juice and 
supplements Tween 80, glucose, whey and MnSO4.H2O was similar. These findings 
are in agreement with those of Todorov and Dicks (2007) in terms of BCN activity 
relative to reduction in pH, who found that with BCN ST712BZ, at a low initial pH of 
4.5 and a final value of 3.5, the BCN specific activity was 386 (AU/ml/OD600nm), as 
compared to, at a higher initial pH of 6.0 and a final value of 3.7, where they 
obtained a specific activity value of 1 407 (AU/ml/OD600nm).  
 
The specific activity [1 559.6 x 10-9 (AU/ml)/(cfu/ml)] of BCN from L. plantarum in 
juice [C:V; 1:1 (1 conc. and 7 sterile dH2O)] and supplements combination, 
determined at optimal BCN activity (2 667 AU/ml), was 1.8 times higher than the 
specific activity [858.8 x 10-9 (AU/ml)/(cfu/ml)] of BCN from MRS medium and 
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supplements combination, at optimal BCN activity (5 333 AU/ml), over the 32 h 
period (Table 4.5). 
 
Generally, in juice and supplement combinations, L. plantarum BCN specific activity 
increased with increasing cell growth until 28 h, after which the specific activity 
decreased as cell numbers increased. This result was similar to that obtained by 
Todorov and Dicks (2007) with BCN ST712BZ of L. pentosus isolated from boza.  
The reduction in specific activity of the BCN from L. plantarum in MRS medium and 
juice occurring after 12 and 28 h, respectively (Table 4.6), could be due to proteolytic 
activity occurring, resulting in the BCN activity decreasing relative to cell density. 
 
MRS medium alone (without supplements added) gave optimum growth rates, while 
juice medium alone caused a decrease in growth rate after 16 h. When comparing 
MRS versus juice medium, overall, the cell growth levels over the incubation period 
in MRS were approximately 0.8 log cfu/ml higher on average than those in juice 
(Figures 4.2 and 4.3). Thus to sustain BCN producer growth in juice media, 
supplementation is required.  
 
The juice medium and supplements combination showed an average 85.1% 
increase in specific activity over the 32 h period, taking the average percentage of 
specific activity values from 4 – 32 h into consideration, compared to that of MRS 
and supplements combination (Table 4.6), indicating that the ideal medium for BCN 
production is juice and supplements combination. Juice medium is readily 
commercially available on a large scale in juice-producing factories, and hence BCN 
activity in juice may be a good, economical alternative to the synthetic 
preservative(s).  
 
Determining optimum growth conditions and obtaining maximum BCN production are 
important in order for the BCN to effectively destroy harmful organisms and 
demonstrate its natural product preservation. L. plantarum revealed maximum 
activity of 2 700 AU/ml during the stationary phase of growth in juice medium (after 
20 - 28 h), whereas in MRS medium, maximum activity of 5 400 AU/ml was exhibited 
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during the logarithmic growth phase (from 12 - 16 h), and thereafter during the 
stationary phase (until 24 h) (Figure 4.4), indicating that BCN concentration or 
activity is not necessarily dependent / determined directly by the cell growth phase. 
By comparison, the ability of the BCN producer L. casei DN 114001, to decrease the 
heterocyclic aromatic amine (HCA) concentration, was dependent on the growth 
phase of bacteria (Nowak and Libudzisz, 2009). The first decrease in an HCA, IQ (2-
amino-3-methyl-imidazo [4,5-f]-quinoline) concentration (49 - 54%) was observed in 
the stationary phase of growth (after 24 h incubation). In the same study, for MelQx 
(2-amino-3,8-dimethylimidazo[4,5-f]-quinoxaline), the decrease in its concentration 
was observed in the logarithmic growth phase (until 24 h) (Nowak and Libudzisz, 
2009).  
 
Growth curve studies of BCN production revealed a range of optimal harvesting 
stages, e.g. L. plantarum 423, inoculated into MRS broth, was incubated at 30°C 
(without aeration) until the mid-logarithmic phase of growth (OD600nm = 1·4) (Van 
Reenen et al., 1998). During growth kinetics and BCN biosynthesis studies, 
production of enterocin 416K1 (in MRS broth) was dependent on the bacterial growth 
phase (Du Toit et al., 2000). Enterococcus casseliflavus IM 416K1 started producing 
BCN (about 80 AU/ml) during the early logarithmic growth phase at 4 h (A600nm = 
0.059; cell count = 4 x 105 cfu/ml) and reached maximum concentration (1 280 
AU/ml) after 14 h of incubation, the early stationary phase (A600nm = 1.9; cell count = 
1.2 x 109 cfu/ml), being also observed for other similar BCNs (produced by  
E. faecium and E. faecalis) (Du Toit et al., 2000). The BCN titre remained constant 
after 60 h of incubation, unlike for enterocin 226 which lost activity after 10 h of 
producer strain incubation (Sabia et al., 2002). 
 
L. plantarum BCN was harvested in the mid-logarithmic phase (Appendix 2;  
OD580nm = 1.4 during the 30°C experiment at pH 4.0), which was similar to results by 
Van Reenen et al. (1998), where L. plantarum 423 was cultured in MRS broth and 
incubated at 30°C (without aeration) until the mid-logarithmic phase of growth 
(OD600nm = 1·4). However, Van den Berghe et al. (2006) reported that BCN 
production revealed primary metabolite kinetics but was limited to the early growth 
(initial / early log) phase. Enterocin, produced by Enterococcus faecium GM-1, 
showed activity between pH 5.5 and 8.0; the optimal culture conditions for BCN 
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production being pH 6.0 - 6.5 and 35 - 40°C, as determined by Kang and Lee (2005). 
However, BCN production by E. faecalis IJ-11, occurred in the late stage of growth, 
peaking after 48 h (Yoon et al., 2005). In contrast, E. faecium HJ35 produced 
enterocin HJ35 at the mid-log growth phase, with maximum production obtained at 
the late stationary phase (up to 2 300 AU/ml) during batch fermentation (Javed, 
2009). The recommended inoculum concentration for optimisation of BCN production 
is 1%, which was used for BCN production by many authors (Moreno et al., 2003; 
Leroy et al., 2003; Achemchem et al., 2005; Javed, 2009). This is consistent with the 
BCN producer culture inoculum concentration used in this study. Interestingly, in this 
study, both MRS and juice media alone produced low levels of BCN when compared 
to supplemented combinations, and, therefore, supplementation was beneficial in 
both cases (except for glucose addition). Sugars were shown to inhibit antimicrobial 
activity against E. coli O157:H7 in self-preservation of muscadine juice (Kim et al., 
2009). This is similar to the author’s study where glucose inhibited L. plantarum BCN 
production (Sections 4.2.2 and 4.2.3). This could also be linked to low Aw, which 
may affect natural BCN availability to inhibit SPOs, where the Aw decreased as 
sugar concentration increased, which appears to limit the L. plantarum BCN activity. 
Kang and Lee (2005) also found that the inhibitory activity of BCN (from E. faecium 
GM-1) was generally not substantially increased by the use of carbon sources in 
growth media. 
 
The L. plantarum identification in this study was by amplification of genomic DNA 
with species specific primers (Moghadam et al., 2010; Ghotbi et al., 2011), based on 
the recA gene and sequencing. PCR amplification of the recA gene rather than 16S 
rDNA is preferred and considered more accurate for L. plantarum identification 
(Ghotbi et al., 2011). BCN structural genes were detected and confirmed by 
sequencing and BLAST searches on Genbank, to be similar to those of plantaricins. 
The presence of multiple BCN genes in LAB, particularly L. plantarum strains, has 
been reported (Ehrmann et al., 2000). The combination of plantaricin genes is strain 
dependent and varies from strain to strain. For instance, L. plantarum strains isolated 
from an African fermented food harboured four types of plantaricin combinations:  
(1) plnEF and plnK; (2) plnEF; (3) plnEF, plnJ, plnK and plnN; (4) plnJ and plnK 
(Omar et al. 2006). L. plantarum from this study contains a combination (3), namely 
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plnEF, plnJ, plnK and plnN, which is responsible for the broad inhibitory activity 
observed. It is not known if all four common plantaricin structural genes are equally 
active under the different conditions used in this study, but their presence in the  
L. plantarum BCN producer implies that this BCN belongs to the plantaricin group of 
BCNs.  
 
SEC was chosen for separation and molecular weight estimation of active BCN 
component(s) from other nonactive components for further activity studies. Since the 
BCN component(s) were in solution, the author considered a few methods to remove 
salt from the BCN polypeptide(s). Dialysis tubing (1 kDa molecular weight cut off) 
was not available for the low molecular weight BCN polypeptide(s) to be dialysed 
free of salt and freeze-dried. The SDS-KCl concentration / precipitation method (prior 
to loading the precipitated fraction onto a SDS-PAGE gel) was not feasible due to 
the low molecular weight of the BCN, and was therefore avoided. Ultrafiltration via 
membranes (Amicon) was not considered since a 1 kDa molecular weight cut off 
membrane was not available. After SEC using FPLC, mass spectroscopy (MS) 
analysis of the active fraction was considered, but due to time constraints and the 
absence of a functional mass spectrometer in Port Elizabeth, EMS was not a viable 
option. In addition to the author’s extensive experience with HPLC (and FPLC), and 
FPLC being widely used for the separation of proteins / polypeptides, SEC was the 
technique of choice in determining the approximate molecular weight of the  
L. plantarum BCN (rather than SDS-PAGE and MS). The L. plantarum BCN fraction, 
resulting from SEC, with an approximate molecular weight of 3.2 kDa, may be a 
class IIa or IIb BCN and this was confirmed by the presence of plantaricin structural 
genes (Drider et al., 2006; Fimland et al., 2008; Rogne et al., 2009). Other BCNs 
isolated include those from L. plantarum ST13BR and L. pentosus ST151BR, with 
molecular weights of 10.0 and 3.0 kDa, respectively (Todorov and Dicks, 2004b). 
 
Inherent characteristics that distinguish BCNs from other antimicrobial compounds, 
are that they are synthesized on ribosomes and undergo posttranslational 
modification. Apart from a few BCNs which are chromosomally encoded, according 
to Nissen-Meyer and Nes (1997), most BCNs have their genetic determinants 
located on the plasmids, and the BCN producer cells are generally immune to them 
88 
(Javed, 2009). The BCN produced by L. plantarum in this study was due to 
chromosomally encoded genes, as there were no plasmids detected. Plantaricin 
structural genes were detected in chromosomal DNA, and it was also produced 
during the stationary phase of growth. This was similar to the findings of Todorov 
and Dicks (2004b), who reported that BCNs from L. plantarum ST13BR and  
L. pentosus ST151BR were produced during stationary growth and that the genes 
encoding production of these BCNs were located on the genome as no plasmids 
were detected.  
 
The identification of the BCN producer of choice was confirmed to be L. plantarum 
with an estimation of the molecular weight of the active BCN fraction. After 
optimisation of conditions for its production in juice, the next step was to investigate 
the industrial application of the L. plantarum BCN as a preservative in commercially 
produced juices. 
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CHAPTER FIVE 
 
APPLICATION OF BACTERIOCIN FROM L. plantarum AS A 
PRESERVATIVE IN FRUIT JUICE 
 
 
5.1 INTRODUCTION 
 
Biopreservation refers to the use of antagonistic microorganisms or their metabolic 
products to destroy or inhibit undesirable microorganisms in foods to enhance food 
safety and extend shelf life (Schillinger et al., 1996). BCNs fall into this category of 
biopreservatives. In the application of BCNs for biopreservation of foods, three 
approaches are commonly used (Schillinger et al.,1996): 1) inoculation of food with 
LAB that produce BCN in the products, where the ability of LAB to grow and produce 
BCN in the products is crucial for its successful use; 2) addition of semi-purified or 
purified BCNs as food preservatives; 3) use of a product previously fermented with a 
BCN-producing strain, as an ingredient in food processing (Nandane et al., 2007).  
 
However, there are few reports of the application of BCN as a preservative in the 
fruit juice industry. BCNs (mostly nisin) have been tested against juice SPOs in 
combination with and without other preserving agents, i.e. synthetic preservatives, 
heat and PEF or other BCNs (Sobrino-Lopez et al., 2009; Martínez-Viedma et al., 
2009; McNamee et al., 2010; Assous and Sobhy, 2012). Grande et al. (2005)  found 
that in apple, peach, orange and grapefruit juices, enterocin AS-48 was active 
against A. acidocaldarius and A. acidoterrestris strains, at a concentration (2.5 ppm) 
similar to that of nisin required to successfully inhibit A. acidoterrestris in orange, 
apple and grapefruit juices, and mixed fruit drinks (Yamazaki et al., 2000).   
 
Among BCNs used to preserve food and beverages, nisin is the most commonly 
used (USFDA, 2006) permitted GRAS additive (Rupasinghe and Yu, 2012). In 
addition to use in the dairy industry, nisin has also been used to preserve some 
vegetable and fruit juices (Yuste and Fung, 2004; Settanni and Corsetti, 2008). 
Yuste and Fung (2004) applied nisin (up to 200 ppm) and cinnamon to pasteurized 
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apple juice, which was subsequently inoculated with Escherichia coli O157:H7 and 
Salmonella typhimurium at 104 cfu/ml. They found that although the acidic pH of 
apple juice gradually inactivated the pathogens, the nisin and cinnamon contributed 
to their inactivation, with counts being undetectable at 20°C after 7 days for E. coli 
O157:H7 and 3 days for S. typhimurium, enhancing the safety of the apple juice.  
Joshi et al. (2006) also reported a varying degree of inhibition of B. cereus cell 
growth when challenged by BCN from Lactobacillus spp. isolate CA44 (concentration 
range 500 - 5 000 ppm) in wine (plum), pulp (apricot) and juice (apple). BCN 
produced by L. lactis AP2 (2 000 ppm), tested against food spoilage and pathogenic 
microorganisms, was reported by Pratush et al. (2012), and compared against a 
synthetic preservative, SB.  
 
Organoleptic assessment of L. plantarum BCN within juices is important to ascertain 
whether the use of the BCN would be acceptable in future by the consumer (Arici 
and Daglioglu, 2002) and would not negatively affect the quality of the product 
(Peres et al., 2008; Todorov et al., 2008; LeBlanc and Todorov, 2011). Shelf life 
testing is also imperative to assess the stability of a BCN in RTD juices (LeBlanc and 
Todorov, 2011; Pratush et al., 2012; Udhayashree et. al., 2012). 
 
The focus of this chapter was the scaling-up of the BCN production to an industrial 
level, where the L. plantarum BCN was produced in citrus juice (C:V) media and 
supplements, and subsequently applied at different concentration levels. In addition, 
a food safety risk assessment was conducted in order to determine the CCP(s), i.e. a 
step at which control can be applied, which is essential to prevent or eliminate a food 
safety hazard / risk or reduce it to an acceptable level, and where no such step 
capable of doing so exists further on in the production process. The BCN could be 
applied to control identified microbiological hazards, as part of the developed 
HACCP plan (Bodley and Viljoen, 2011).  
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5.2 RESULTS  
 
5.2.1 Survival of S. thermophilus and L. acidophilus SPOs in fruit juices 
 containing BCN 
 
The effect of L. plantarum BCN grown in juice and supplements combination 
(Section 2.4.3) on the growth of S. thermophilus, L. acidophilus, S. cerevisiae, 
Acetobacter LMG1607 and A. acidoterrestris (TAB) was investigated (Figures 5.1 - 
5.3). Although the growth of S. thermophilus was not affected by a BCNsup 
concentration of 3 600 ppm, it decreased by 1 - 2 log cfu/ml when exposed to a 
BCNsup concentration range of 36 000 - 500 000 ppm (Figure 5.1 A and B, and 
Table 5.1). 
 
 
 
 
Figure 5.1:  Survival of S. thermophilus at 30°C at 12 h intervals grown in juice and varying 
concentrations of L. plantarum BCNsup. A and B are S. thermophilus and BCNsup at 3 600 and  
36 000, and 100 000, 250 000 and 500 000 ppm, respectively, compared to S. thermophilus control 
cell growth (without BCN) (n=1).  
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L. acidophilus cell numbers decreased after inoculation into the citrus juice-
containing BCN; there was a ~0.5 log cfu/ml reduction in cell numbers (at the lowest 
BCNsup concentration applied, 3 600 ppm) (Figure 5.2 A) and ~5 log cfu/ml 
reduction (p < 0.05) at 100 000 ppm BCN (Figure 5.2B).  
 
 
 
 
Figure 5.2:  Survival of L. acidophilus at 30°C at 12 h intervals grown in juice and varying 
concentrations of L. plantarum BCNsup. A and B are L. acidophilus and BCNsup at 3 600 and 36 000, 
and 100 000, 250 000 and 500 000 ppm, respectively, compared to L. acidophilus control cell growth 
(without BCN). Values are means ± SD (n=2). 
 
The lowest concentration at which L. plantarum BCNsup reduced growth of the 
SPOs after 12 h incubation, was 36 000 ppm for S. thermophilus and 3 600 ppm for  
L. acidophilus (Figures 5.1A and 5.2A, respectively).  
93 
After 12 h incubation, L. plantarum BCNsup at 36 000 ppm reduced growth of  
S. thermophilus by 3.9% and at 3 600 ppm reduced growth of L. acidophilus by 6.5% 
(Table 5.1).  As L. plantarum BCNsup concentrations were increased from 3 600 - 
500 000 ppm, the SPO cell growth of L. acidophilus and S. thermophilus decreased 
proportionally, the cell number decrease in L. acidophilus being the largest.  
S. thermophilus showed an 11% reduction in cell numbers (log cfu/ml), relative to the 
control, while there was a 31% reduction in cell numbers for L. acidophilus during the 
first 12 h of incubation with BCN (Table 5.1) .  
 
Table 5.1: Decrease in cell numbers of S. thermophilus and L. acidophilus at 30°C after 
12 h grown in juice and L. plantarum BCNsup at varying concentrations. 
 
SPO S. thermophiles L. acidophilus 
BCN (ppm) 
in juice medium 
log cfu/ml 
 
Reduction in 
SPO cell 
counta  
log cfu/ml 
 
Reduction in 
SPO cell 
counta 
500 000 8.01 11 5.40 31 
250 000 8.31 7.7 5.94 24 
100 000 8.58 4.7 6.26 20 
36 000 8.65 3.9 6.41 18 
3 600 9.00 0 7.31 6.5 
control 9.00 0 7.82 0 
     Note:  
 a: Expressed as a %, relative to the log cfu/ml of the controls (SPOs without BCN) (n=1). 
 
5.2.2 Spectrum of activity  
 
The activity of varying concentrations of L. plantarum BCNsup (pH adjusted), 
produced in juice and supplements combination media (prepared as described in 
Section 2.5), when challenging SPOs, L. acidophilus and S. thermophilus, 
independently spiked into the same juice media, are shown in Table 5.2.  The cell 
counts of the controls, S. thermophilus and L. acidophilus, were 10.10 and 7.71 log 
cfu/ml at 24 h, and 10.30 and 6.83 log cfu/ml at 48 h, respectively. 
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Table 5.2: Activities (AU/ml) of L. plantarum BCN supernatants in juice (C:V) inoculated with 
SPOs, L. acidophilus and S. thermophilus, incubated at 30°C over a 48 h period. 
 
BCN (ppm) 
in juice 
medium 
SPO AU/ml 
24 h 
BCN activity 
relative to 
highest BCN 
concentrationa  
log cfu/ml 
24 h 
AU/ml 
48 h 
BCN activity 
relative to 
highest BCN 
concentrationa  
log cfu/ml 
48 h 
500 000 S. thermophilus 12 800 100 8.58 12 800 100 8.91 
250 000 S. thermophilus 3 200 25 9.13 1 600 12.5 9.53 
100 000 S. thermophilus 1 600 12.5 9.23 800 6.3 9.42 
36 000 S. thermophilus 400 3.1 9.29 200 1.6 9.55 
3 600 S. thermophilus 0 0 9.64 0 0 10.49 
500 000 L. acidophilus 3 200 100 0.00 12 800 100 0.00 
250 000 L. acidophilus 1 600 50 2.39 3 200 25 0.00 
100 000 L. acidophilus 800 25 3.70 400 3.1 2.69 
36 000 L. acidophilus 200 6.3 5.46 200 1.6 4.42 
3 600 L. acidophilus 0 0 6.71 0 0 5.77 
Note:  
a: Expressed as a %, compared to and based on the activities recorded (3 200 and 12 800 AU/ml) of 
the highest inoculated BCN dose (500 000 ppm) (n=1). 
 
 
L. plantarum BCN was more effective in reducing L. acidophilus cell growth than that 
of S. thermophilus (Table 5.2). The higher the BCN concentration, the higher the 
reduction in L. acidophilus and S. thermophilus cell numbers. During the log phase of 
growth (24 h) there was a 15% reduction in S. thermophilus cell numbers relative to 
the control (at 12 800 AU/ml available L. plantarum BCNsup), whereas L. acidophilus 
displayed a 100% reduction in cell numbers relative to the control, at 3 200 AU/ml 
available L. plantarum BCNsup activity of the initial 500 000 ppm inoculated (Table 
5.2). At 3 600 ppm the BCN was rapidly used up by the two SPOs (L. acidophilus 
and S. thermophilus), leaving no activity relative to the maximum activity values, 
after 24 and 48 h. The log reduction in L. acidophilus and S. thermophilus  was 
dependent on the SPO and BCN concentration; L. plantarum BCNsup at 250 000 
ppm yielded 5.3 and 6.8 log reductions (relative to the controls) of SPO  
L. acidophilus, after 24 and 48 h, respectively, which is larger than the USFDA  
(2001) requirement of a 5 log reduction, for preservation of fruit juices. 
 
The growth of S. cerevisiae, Acetobacter LMG1607 and A. acidoterrestris decreased 
compared to the controls (no BCN) (Section 2.5; Figure 5.3). L. plantarum BCNsup  
(500 000 ppm) decreased the growth of S. cerevisiae, A. acidoterrestris and 
Acetobacter LMG1607, being most effective against S. cerevisiae. There was a 
significant difference in cell numbers of S. cerevisiae and A. acidoterrestris, 
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incubated with and without BCN (control); p-values of 7.18 x 10-9 and 3.97 x 10-7, 
respectively; i.e. p < 0.05. There was no significant decrease in cell numbers of 
Acetobacter LMG1607 after exposure to L. plantarum BCN after 60 h. 
 
Figure 5.3: Survival of various SPOs at 30°C at 12 h intervals grown in juice, with and without  
L. plantarum BCNsup (500 000 ppm) (n=1).  
 
The S. cerevisiae control also decreased in cell number over time (possibly due to 
non-ideal growth conditions), but at a slower rate than the S. cerevisiae treated with 
L. plantarum BCN, which exhibited inhibitory activity against growth of  S. cerevisiae. 
The activity of the L. plantarum BCNsup (500 000 ppm) was determined at each  
12 h sampling stage, and after 48 and 60 h there was no reduction in BCN activity 
with indicators, S. cerevisiae and A. acidoterrestris, respectively (Figure 5.3). The 
activity was still 12 800 AU/ml (no reduction in activity relative to the activity at 0 h); 
the same as compared to the control (no SPO inoculated). In the case of 
Acetobacter LMG1607, L. plantarum BCNsup (500 000 ppm) activity decreased to  
6 400 AU/ml after 48 h (results not shown), even though the Acetobacter LMG1607 
cell numbers had not yet decreased much relative to its control (without BCN), 
indicating Acetobacter LMG1607 to be a more resistant SPO, requiring more BCN to 
challenge it. 
96 
5.2.3 Industrial application of BCN to juice and application studies at Valor                   
           (Pty) Ltd  
 
The L. plantarum BCN (supernatant) activity was limited or not detected when mixed 
in juice concentrates (41 - 65°Brix), however, it was effective in the RTD juice  
(8 - 11°Brix or 20% of concentrate diluted with dH2O). The BCN (32 000 AU/ml) 
produced in juice media [citrus: [C:V (1:1)] and supplements and trace elements 
(whey, soya, MnSO4.H2O and Tween 80)] was tested in various commercial juices / 
juice combinations (i.e. mango-orange). It had an activity of 0 AU/ml in the 
concentrate state, but a range of activities (AU/ml) proportional to the BCN 
concentration applied in the RTD juice. A pilot industrial experiment conducted on 
RTD mango-orange juice yielded the results recorded in Table 5.3. In order not to 
interrupt industrial production excessively, this experiment was limited to a single 
one. Juice samples were aliquoted with L. plantarum BCNsup (25 000, 50 000 and  
100 000 ppm) instead of the usual SB addition; therefore, not interfering with the  
L. plantarum BCN action.  
 
  Table 5.3: Typical results of L. plantarum BCNsup activity in industrial 
        (Valor) RTD juice (mango-orange) at 30°C after 24 h  
        (indicator organism, L. acidophilus). 
 
BCN in RTD Juice  
ppm AU/ml Reduction 
in BCN 
activitya 
0 (control) 0 N/A 
25 000 50 75 
50 000 100 50 
100 000 200 0 
Note:  
a: Expressed as a %, based on the highest  
activity recorded (200 AU/ml) (n=1). 
 
The L. plantarum BCN activity corresponded proportionately to the concentration of 
BCN inoculated into the juice. The BCN activity was, however, lower than the activity 
obtained during the experiments against juice SPOs in Section 5.2.2 (Table 5.2), 
where 36 000 ppm L. plantarum BCNsup had an activity of 400 and 200 AU/ml when 
tested against S. thermophilus and L. acidophilus, respectively, after a 24 h 
incubation. 
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5.2.4 Organoleptic test (taste panel) 
 
A taste panel of Valor (Pty) Ltd juice experts assessed the organoleptic quality of the 
RTD juices, with and without varying concentrations of L. plantarum BCN.  Each 
taster on the panel indicated on the score sheets provided (Section 2.9), which 
randomly placed samples they thought did not contain the BCN (Table 5.4). For the 
50% low kJ peach apricot juice samples, three members selected the correct control 
(493) as the sample that did not contain BCN, while four members selected the 
incorrect juice with 36 000 ppm BCNsup and one chose the incorrect juice with 3 600 
ppm BCNsup as having no BCN. For the 50% orange juice samples, two members 
correctly selected the control (627) as the sample that did not contain BCN, while 
three chose the incorrect juice with 36 000 ppm BCNsup and three incorrectly chose 
the juice with 3 600 ppm BCNsup (Table 5.4). This implied that the BCN added to 
the juices did not alter the organoleptic characteristics of taste, mouth feel, colour 
and smell of the juice.  
 
Table 5.4:  BCN tasting results from taste panel assessments. 
Juice sample 
[Valor (Pty) Ltd] 
Taste panel member Total no. of 
members 1 2 3 4 5 6 7 8 
50% Low kJ Peach-Apricot  
321 : 3.6% BCN (36 000 ppm)  X   X X  X 4 
609 : 0.36% BCN (3 600 ppm)       X  1 
493 : Control X  X X     3 
50% Orange  
922 : 3.6% BCN (36 000 ppm) X    X  X  3 
846 : 0.36% BCN (3 600 ppm)    X  X  X 3 
627 : Control  X X      2 
Note: X, indicates the taste panel member’s choice of juice with “no BCN”. 
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5.2.5 HACCP 
The risk analysis conducted and resultant HACCP plan developed were according to 
the process-based FSM system approach (as required by ISO 22 000:2005; 
Diagram 5.1).  
 
   Diagram 5.1: The model to develop a process-based FSM system. Modified from ISO 22 000:2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The determination of the CCPs forms a fundamental part of the following steps in 
developing the FSM system which is managed via the HACCP plan (applied to juice 
production in this case). Key steps to HACCP plan development, implementation and 
integration into a FSM system, which incorporates the seven principles of HACCP 
were done as follows:  
1. Adequate GMP / prerequisite program in place; 
2. Gain management commitment; 
3. Assemble a HACCP team; 
4. Define the terms of reference (for the product, juice); 
5. Describe the food, its distribution, the intended use, and potential consumers; 
6. Develop and verify process flow diagram steps (Tables 5.5 and 5.6); 
7. Conduct a hazard analysis (HACCP Principle 1); 
8. Identify the CCPs (HACCP Principle 2); 
9. Establish critical limits (target levels of tolerance) for associated preventive 
  Improvement 
Verification Monitoring; 
Corrective actions 
 
Planning 
and 
realization 
of safe 
products 
 
START 
PROCESS
HERE 
 
Preliminary 
steps to 
enable 
hazard 
analysis 
 
 
Hazard 
analysis 
 
 
Validation 
of control 
measures 
 
Establishing 
HACCP plan 
Establishing 
operational 
prerequisite 
programs (OPRPs) 
Implementation 
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control measures (HACCP Principle 3); 
10. Establish monitoring requirements (procedures for using results of monitoring to 
keep control) (HACCP Principle 4); 
11. Establish corrective action for deviations from the HACCP plan / critical limits 
(HACCP Principle 5); 
12. Establish record keeping systems to document the HACCP system (HACCP 
Principle 6); 
13. Establish procedures for verification to show that the HACCP system is working 
(HACCP Principle 7); 
14. Evaluate and revise HACCP system (validation). 
 
When establishing the HACCP plan (Table 5.6) it was documented to include the 
following: food safety hazards to be controlled at the CCP(s), critical limits, 
preventive control measures, monitoring procedures, corrections and corrective 
actions, responsibilities and authorities, and records of monitoring. 
 
The results of the risk analysis conducted and resultant HACCP plan developed, as 
described in Section 2.10, are shown in Tables 5.5 and 5.6, respectively. The 
effectiveness of the applied HACCP plan depends on the validating and ongoing 
measuring / verification (in accordance with critical limits), of the efficacy of the CCP. 
This is done through the controlled addition of the L. plantarum BCN into the juice, 
and the monitoring of its activity by the reduction in survival of indicator SPO 
(representative of expected juice spoilage bacteria and fungi), in test juice samples 
(and the efficacy of the added BCN being determined within a 12 - 24 h detection 
response incubation period). 
 
In applying the results of the initial hazard identification, during risk analysis, the 
decision tree was used at the steps where hazards that needed to be addressed via 
the HACCP plan (being developed) were identified. The most likely CCPs, where the 
potential hazards scored high on probability and severity, or severity alone  
(Figure 2.4), were then verified by applying the HACCP decision tree questions 
(Diagram 5.2) to each production process step. 
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Diagram 5.2:  Decision tree diagram to identify CCPs in the flow chart of the juice processing line 
steps. Modified from Codex Alimentarius 93/43/EEC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The questions applied in sequence: 
Q1. Could preventive measure(s) exist? 
Q1a. Is a preventive measure necessary at this step for food safety? 
Q2. Is the step specifically designed to eliminate or reduce the likely occurrence of a  
hazard to an acceptable level? 
Q3. Could contamination with identified hazards occur in excess of acceptable levels or 
could these increase to unacceptable level(s)? 
Q4. Will a subsequent step eliminate identified hazards or reduce likely occurrence to an 
acceptable level? 
Note:  
Questions 2 and 4 must both be answered; “Yes” and “No” respectively to justify the CCP; if 
answered “No” and “No” then the step is an OPRP.   
Modify step, 
process or product 
START 
Q1a Q1 
Yes 
No 
Q2 
Yes 
Q3 
No 
Q4 
Yes 
Yes 
No 
CCP 
Not a CCP;  
stop and 
proceed to next 
production step 
Yes 
No 
No 
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Abbreviations for Table 5.5 
A: Allergen 
B: Biological 
C: Chemical 
CCP: Critical Control Point 
CoA: Certificate of Analysis 
CoC: Certificate of Compliance 
GC: Gas Chromatography 
GlobalGAP: Global Good Agricultural Practice 
GMP: Good Manufacturing Practice 
IFU: International Fruit Juice Union 
N: No 
OPRP: Operational Prerequisite Program 
P: Physical 
P vs S: Probability versus Severity  
Q1, Q1a, Q2, Q3, Q4: Questions asked during CCP determination (as per Codex Alimentarius 
93/43/EEC) 
QC: Quality Control 
RM: Raw Material 
SQA: Supplier Quality Assurance 
TAB: Thermo-acidophilic bacteria 
VPr: Valor Procedure 
Y: Yes 
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Table 5.5:  Risk Analysis results of hazards determination during industrial juice production. 
 
 
PROCESS STEPS POTENTIAL HAZARD AND CAUSE 
 
CONTROL MEASURE SIGNIFI-
CANCE 
CCP DECISION RECORD  
HACCP TEAM 
COMMENTS Q1 Q1a Q2 Q3 Q4 
CCP/
OPRP 
(Y/N) 
1 Fruit / RM receiving and 
weighing bridge 
 
 
 B 
Rotten fruit, rodents, insects, 
cats, birds,  
Microorganisms: 
- yeasts and moulds (spores),  
- Acetobacter, TAB  
- S. aureus  
- E. coli  
- L. monocytogenes  
- L. acidophilus 
Pest control programme; 
Personnel hygiene; 
Adhere to conditions of contract 
– SQA; 
Fruit intake acceptance and 
analysis.  
 
20:70 Y - N Y Y N 
Conduct bin container 
cleanliness checks 
(warehousing staff) and 
wrapping integrity 
checks (similar / same 
form as per vehicle 
checks). 
P 
Glass, hard plastics, foreign 
bodies, wooden splinters, nails / 
metal, jewellery. 
GMP; Visual inspections during 
off loading; Cleaning program; 
Glass and hard plastic program; 
Truck cleaning inspection; SQA; 
Goods receiving process. 
55:10 Y - N Y Y N 
Only use sturdy and 
intact fruit bins. 
C 
Accidental contamination of 
open material / contamination of 
the RM itself.  
- Lubricants, oil, diesel, 
solvents, cleaning chemicals, 
pesticides, fungicides. 
Visual inspection; 
Incoming goods check; 
Purchase from approved 
suppliers / SQA; GlobalGAP 
Pre-harvest GC testing (on 
request). 
20:75 Y - N Y N 
Y 
OPRP 
Must always get CoC / 
CoA from the RM 
supplier and check that 
no chemical 
contamination occurs 
and that RM is always 
food grade. Check 
holding periods of spray 
chemicals. 
Transporter to ensure 
container is free of non-
food grade chemicals. 
HACCP RISK ANALYSIS 
Doc No:  VPr6.4.1 
SF2  
Area:    Juice Production: C:V / Mango Orange Revision: 0 
Process owner: Food Safety Manager 
 
Page x of y 
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A 
Accidental contamination of 
open RM with allergens / food 
present in the same area (e.g. 
nuts). 
GMP; Pest control program; 
Cleaning program;  
RM handling process. 
GlobalGAP program. 
12:15 N Y - - Y N 
 
2 Sorting belt / feed 
conveyor 
B 
Open / damaged  RM,  
rotten fruit; 
Pests: 
- Cockroaches 
- Ants  
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes 
- L. acidophilus 
GMP; Pest control program; 
Cleaning program;  
RM handling process;  
Equipment cleanliness checks;  
Remove rotten fruit; 
Personnel hygiene. 
10:45 N N - - - N 
 
P 
Open / damaged  RM: 
- Wood 
- Paint flakes 
- Nails / screws 
- Stones 
- Hair 
- Plastic 
- Cardboard 
GMP; Visual inspections during 
off loading; Cleaning program; 
Glass and hard plastic program; 
Food grade grease allowed. 
10:25 Y - N Y Y N 
 
C 
Accidental contamination of 
open material / contamination of 
the RM itself.  
- Oil / grease 
- Cleaning chemicals 
Visual and smell; 
GMP; Cleaning program.    
5:15 N N - - - N 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
No eating and drinking; GMP. 
5:20 N N - - - N 
Ensure no eating in this 
area. 
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3 Juice extraction 
B 
Open / damaged  RM can be 
contaminated: 
Pests: 
- Cockroaches 
- Ants  
- Fruit flies 
Microorganims: 
- Acetobacter, TAB  
- Yeasts and moulds 
- E. coli 
- S. aureus 
- L. monocytogenes 
- L. acidophilus 
Pest control program; Cleaning 
program; RM handling process; 
GMP; Container cleanliness 
checks; Personnel hygiene; Use 
approved yeasts and nutrients; 
Training. 
 15:45 N N - - - N 
 
P 
Damaged  RM: 
- Wood 
- Nuts, bolts, washers / screws 
- Hair 
- Plastic 
GMP; Visual inspections during 
off loading; Cleaning program; 
Glass and hard plastic program. 15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM.  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
25:15 Y - N Y N 
Y 
OPRP 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
Allergen management;  
GMP; 
RM handling process in place; 
Visual inspection and training. 
5:20 N N - - - N 
Ensure no eating in this 
area. 
4 Finisher screening 
B 
Open RM can be contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Acetobacter, TAB  
- Yeasts and moulds 
- E. coli 
- S.  aureus 
- L. monocytogenes 
- L. acidophilus 
Pest control program; Cleaning 
program; RM handling process; 
GMP; 
Container cleanliness checks; 
Personnel hygiene. 
 
20:15 N N - - - N 
 
P 
Open RM: 
- Wood 
- Metal 
- Plastic 
GMP; Visual inspections; 
Cleaning program; Glass and 
hard plastic program. 
15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM.  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
10:25 Y - N Y N 
Y 
OPRP 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
Allergen management; 
GMP;  
RM handling process in place; 
5:20 N N - - - N 
Ensure no eating in this 
area. 
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- Sandwich (wheat – gluten)  
- Nuts 
Visual inspection and training. 
5 Juice supply tank 
B 
Open RM can be contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Acetobacter, TAB  
- Yeasts and moulds 
- E. coli 
- S.  aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
Pest control program; Cleaning 
program; RM handling process; 
GMP; 
Certified products for additions 
(IFU standards); Personnel 
hygiene. 
 
10:25 N N - - - N 
 
P 
Open RM: 
- Wood 
- Metal 
- Plastic 
GMP; Visual inspections during 
loading; Cleaning program; 
Glass and hard plastic program. 
15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM:  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
10:40 Y - N Y N 
Y 
OPRP 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
Allergen management;  
GMP; 
RM handling process in place; 
Visual inspection and training. 
5:20 N N - - - N 
Ensure no eating in this 
area. 
6 Evaporation 
B 
Open RM wrapping  can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Acetobacter, TAB  
- Yeasts and moulds 
- E. coli 
- S.  aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
Pest control program; cleaning 
program; RM handling process; 
GMP; 
Container cleanliness checks; 
Personnel hygiene; 
93 - 97ºC Temp. control 
monitoring of process; 
On-line QC temp. inspection; 
Preventive maintenance on 
inline temp. probe. 
10:20 N N - - - N  
P 
Open RM: 
- Wood 
- Metal 
- Plastic 
GMP; visual inspections during 
off loading; Cleaning program; 
Glass and hard plastic program 
15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM:  
- Water 
- Cleaning Chemicals  
Visual and smell; 
GMP; Cleaning program.    
5:15 N N - - - N  
A 
Accidental contamination of 
open RM with allergens present 
Allergen management;  
GMP; RM handling process in 
5:20 N N - - - N 
Ensure no eating in this 
area 
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in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
place; Visual inspection and 
training. 
7 Batch blending 
B 
Open RM wrapping  can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Acetobacter, TAB  
- Yeasts and moulds 
- E. coli 
- S.  aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
Pest control program; Cleaning 
program; RM handling process; 
GMP; 
Container cleanliness checks; 
Personnel hygiene. 
 
10:20 N N - - - N 
 
P 
Open RM: 
- Wood 
- Metal 
- Plastic 
GMP; Visual inspections during 
off loading; Cleaning program; 
Glass and hard plastic program. 
15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM:  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
10:10 Y - N Y N 
Y 
OPRP 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
Allergen management; 
GMP; 
RM handling process in place; 
Visual inspection and training. 
5:20 N N - - - N 
Ensure no eating in this 
area. 
  
 
 
 
 
 
       
 
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
 
107 
8 Pasteurising 
B 
B: Open RM wrapping  can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Acetobacter, TAB  
- Yeasts and moulds 
- E. coli 
- S.  aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
Pest control program; Cleaning 
program; RM handling process; 
GMP; 
Container cleanliness checks; 
Personnel hygiene; Regular 
analysis and tasting checks; 
85 - 95°C for 60 sec; Temp. 
control monitoring of the 
pasteurisation process; 
On-line QC temp. inspection; 
Preventative maintenance - 
divert valve VPr 9.7;  
Calibration procedure (VPr 11) 
for inline temp. probe. 
15:60 Y - Y - - 
Y 
CCP 
Pasteurisation 
temperature and 
duration must be correct 
to reduce / kill off 
bioburden;  
Divert valve to be tested 
regularly. 
P 
Open RM: 
- Wood 
- Metal 
- Plastic 
GMP; Visual inspections; 
Cleaning program; Glass and 
hard plastic program. 
15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM:  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
5:55 Y - N Y N 
Y 
OPRP 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
Allergen management;  
GMP; 
Visual inspection and training. 5:20 N N - - - N 
Ensure no eating in this 
area. 
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9 BCN blending 
B 
Open product  can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
Bacteria, yeasts and moulds:  
- L. acidophilus,  
- S. thermophilus, 
- S. aureus, 
- S. cerevisiae,  
- Acetobacter  
- A. acidoterrestris 
BCN (L. plantarum) application 
(3 600 ppm minimum); 
Pest control program; Cleaning 
program; RM handling process; 
GMP; 
Container cleanliness checks; 
Personnel hygiene. 
 
15:75 Y - Y - - 
Y 
CCP 
Correct BCN dose must 
be applied to each batch 
to reduce / kill off and 
remaining bioburden 
and naturally preserve 
the juice.  
Batch-wise sample 
testing (against indicator 
SPO; L. acidophilus) to 
be conducted. 
P 
Open RM: 
- Wood 
- Metal 
- Plastic 
GMP; Visual inspections; 
Cleaning program; Glass and 
hard plastic program. 
15:5 N N - - - N 
 
C 
Accidental contamination of 
open RM:  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
5:15 Y - N Y N 
Y 
OPRP 
 
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
- Sandwich (wheat – gluten)  
- Nuts 
Allergen management;  
GMP; 
Visual inspection and training. 5:20 N N - - - N 
Ensure no eating in this 
area. 
        - - -   
10 Filtering 
B 
Pests: 
- Fruit flies 
Microorganisms: 
Bacteria, yeasts and moulds:  
- L. acidophilus,  
- S. thermophilus, 
- S. aureus, 
- S. cerevisiae,  
- Acetobacter  
- A. acidoterrestris 
Pest control program; Cleaning 
program; GMP; 
Cleanliness checks; Personnel 
hygiene; Using food grade filter 
aids (CoC). 
 
10:35 N N - - - N Check filter cleanliness.  
P 
Open RM: 
- Glass  
- Wood 
- Metal 
- Plastic 
Filter (0.45 µm mesh); GMP; 
Maintenance, Visual inspections 
during off loading; Cleaning 
program; Glass and hard plastic 
program. 
5:60 Y - Y - N 
Y 
CCP 
Careful filter 
management, validation 
of effectiveness and 
shift-wise verification of 
its functionality required. 
C 
Accidental contamination of 
open RM:  
- Water 
- Cleaning chemicals  
Visual and smell; 
GMP; Cleaning program.    
5:15 N N - - - N  
A 
Accidental contamination of 
open RM with allergens present 
in the same area: 
Allergen management;  
GMP; 
Visual inspection and training. 
5:20 N N - - - N 
Ensure no eating in this 
area. 
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- Sandwich (wheat – gluten)  
- Nuts 
11 
 
Bottling / filling 
and labelling, coding, 
capping and packaging 
B 
Pests: 
- Fruit flies 
Microorganisms: 
- yeasts and moulds, 
- L. acidophilus,  
- S. thermophilus, 
- S. cerevisiae,  
- Acetobacter, 
- A. acidoterrestris  
Personnel hygiene; Training; 
Visual checks. 
5:80 Y - Y - N 
Y 
OPRP 
 
P 
Foreign matter (e.g. filter 
powder, glass, metal, jewellery, 
insects). 
GMP; Maintenance; Visual 
inspections during filling; Glass 
and hard plastic program. 
5:80 Y - Y - N 
Y 
CCP 
Run test piece bottles to 
ensure guaranteed 
check system; adhere to 
jewellery policy 
(validation and 
verification). 
C 
Cleaning chemicals.  Food grade chemicals used; 
Training; 
Visual and smell; 
GMP; Cleaning program.    
5:35 Y - N Y N 
Y 
OPRP 
 
A 
Wheat / gluten / dairy products / 
peanuts. 
People not allowed to eat in / 
bring allergens into the area. 
5:40 Y - N Y N 
Y 
OPRP 
No eating or drinking in 
this area (also at night) 
and complete isolation 
of area.   
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Abbreviations for Table 5.6 
 
A: Allergen 
AR: Action Request 
B: Biological 
C: Chemical 
CCP: Critical Control Point 
CoA: Certificate of Analysis 
CoC: Certificate of Compliance 
GC: Gas Chromatography 
GlobalGAP: Global Good Agricultural Practice 
GMP: Good Manufacturing Practice 
IFU: International Federation of Fruit Juice Producers  
MSDS: Material Safety Data Sheet 
OPRP: Operational Prerequisite Program 
P: Physical 
RM: Raw Material 
SF: Standard Form / Format 
SQA: Supplier Quality Assurance 
TAB: Thermo-acidophilic bacteria 
TVC: Total Viable Count 
VPr: Valor Procedure 
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Table 5.6:  HACCP plan for industrial juice production, containing the identified L. plantarum BCN-controlled CCP. 
                                                                                                                                                                                                                                                                                                                                                                                                      
 
SUBJECT :  HACCP PLAN – ORANGE JUICE PRODUCTION – Bottling Line DOC NO :  
VPr6.4.2  HP 1 
REVISION:   0 
ISSUED BY :  Food Safety Manager / HACCP Team 
APPROVED BY :  FSM / HACCP Team Leader PAGE :   x of y 
 
PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
1. Fruit / RM 
receiving and 
weighing 
bridge 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B :   
- Rotten fruit,  
- Rodents,  
- Insects,  
- Cats,  
- Birds,  
Microorganisms:  
- Yeasts and moulds 
- S. aureus 
- E. coli 
- L. monocytogenes  
- L. acidophilus 
 
Minimal 
 
 
 
 
 
TVC  < 300 cfu/ml 
Zero 
Pest control programme; 
Personnel hygiene; 
Adherence to conditions 
of contract – SQA; 
Fruit intake acceptance 
and analysis. 
Pre-harvest 
sample record 
sheet; GMP 
check, VPr6.3 
SF02;  
Ordering, 
Receiving, 
issuing and 
inspection of raw 
materials, VPr9 
WI5; 
Pest control 
register, 
Approved 
supplier list, 
Vehicle 
checklist, VPr6.7 
SF10;  
CoAs / CoCs, 
MSDS, Supplier 
specifications, 
VPr5.2.2. 
Warehouse 
Manager; 
Citrus Lab 
Technician; 
Lab Manager; 
Mgt Rep./ 
FSM / HACCP 
Team leader. 
Rejection >8%; 
Sorting <8%; 
Refuse delivery 
of NC fruit; 
Remove 
contaminated 
fruit / RM to 
waste / recycling.  
 
 
 
 
Rejection  for 
glass. 
Sorting for wood, 
plastic and 
metal. 
 
AR - 
Corrective 
Action form 
VPr1.4SF2; 
Fruit Rec’d 
Note: 
VPr4.1.1FF 
SF02; 
Reject Notice: 
VPr1.5 SF01 
Pre-harvest 
sample record 
sheet. 
 
Warehouse 
Manager; 
Production 
Supervisor;  
Production 
Manager; 
Laboratory 
Manager; 
Mgt Rep./ 
FSM / HACCP 
Team Leader. 
P : Glass, hard plastics, 
foreign bodies, wooden 
splinters, nails / metal, 
jewellery 
None on product 
itself or in area of 
raw material 
Visual Inspection; 
Truck cleaning; GMP; 
SQA; 
Receiving process. 
 
C :  Lubricants, oil, 
diesel, solvents, 
cleaning chemicals, 
pesticides, fungicides 
None on product 
itself. 
Visual inspection; 
Incoming goods check; 
Purchase from Approved 
suppliers / SQA; 
GlobalGAP; 
Pre-harvest GC testing  
(on request). 
A: Food in the area 
(e.g. nuts) 
None in area. Visual inspection and 
training; GlobalGAP. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
2.  Sorting 
belt / feed 
conveyor 
 
 
 
 
 
CP 
B: Open / damaged  
RM:  
rotten fruit: 
Pests: 
- Cockroaches 
- Ants  
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes 
- L. acidophilus 
 
 
Minimal 
 
 
 
 
 
TVC < 300 cfu/ml 
Zero 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Equipment cleanliness 
checks;  
Remove rotten fruit; 
Personnel hygiene. 
 
Factory cleaning 
checklist- Doc 
No. VPr6.3 
SF01;  
GMP check 
VPr6.3 SF02; 
Jewellery policy; 
Dress code - 
Hygiene of 
personnel. 
 
 
 
 
Preventive 
maintenance  
VPr6.2.2 WI 13 
 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ 
FSM / HACCP 
Team Leader. 
 
Remove 
contaminated 
fruit to waste / 
recycling. 
 
 
 
 
 
 
 
 
 
 
Rejection  for 
glass; 
Sorting for wood, 
plastic and 
metal. 
 
AR report 
VPr1.4SF2 
 
Operators;  
Supervisor; 
Production 
Manager; 
Laboratory 
Manager. 
 
 
P: Open / damaged  
RM: 
- Wood 
- Paint flakes 
- Nails / screws 
- Stones 
- Hair 
- Plastic 
- Cardboard 
None present GMP; Visual inspections 
during off loading; 
Cleaning program; Glass 
and hard plastic program; 
Food grade grease 
allowed. 
C: Accidental 
contamination of open 
material / contamination 
of the RM itself:  
- Oil / grease 
- Cleaning chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program.   
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; 
GlobalGAP program;  
RM handling process in 
place; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
3. Juice 
extraction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B: Open / damaged  
RM can be 
contaminated: 
Pests: 
- Cockroaches 
- Ants  
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes 
- L. acidophilus 
 
 
 
 
Minimal 
 
 
 
TVC < 300 cfu/ml 
Zero 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Container cleanliness 
checks; Personnel 
hygiene; Use approved 
yeasts and nutrients; 
Training. 
 
Factory cleaning 
checklist-  
VPr6.3 SF01;   
GMP check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene record 
of personnel; 
CoCs; MSDS;  
Specifications. 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Stop production, 
quarantine line 
and clean-up; 
Produced 
product put on 
hold; 
Remove 
contaminated 
product to waste 
/ recycling; 
Action request. 
 
AR report No.  
VPr1.4SF2. 
 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Damaged  RM: 
- Wood 
- Nuts, bolts, washers / 
screws 
- Hair 
- Plastic 
None present GMP; Visual inspections 
during off loading; 
Cleaning program; Glass 
and hard plastic program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program. 
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; 
Program; RM handling 
process in place; Visual 
inspection and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
4.  Finisher 
screening 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B: Open RM can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes 
- L. acidophilus 
 
 
Minimal 
 
 
TVC < 300 cfu/ml 
Zero 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Container cleanliness 
checks; Personnel 
hygiene. 
 
Factory cleaning 
checklist VPr6.3 
SF01;   
GMP Check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene of 
personnel. 
 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Stop production, 
quarantine 
processing line 
and clean; Put 
contaminated 
product on hold; 
Remove 
contaminated 
product to waste 
/ recycling. 
AR report No.  
VPr1.4SF2 
 
Juice maker; 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Wood 
- Metal 
- Plastic 
 
 
 
None present 
GMP; Visual inspections 
during off loading; 
Cleaning program; Glass 
and hard plastic program 
0.010 inch screen size 
on paddle finisher; Lab. 
inspection – juice pulp 
test VPr6.3.2WI 006 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning Chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program.    
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management; 
GMP; 
Visual inspection and 
training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
5. Juice 
supply tank 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B: Open RM can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
 
 
Minimal 
 
 
TVC < 300 cfu/ml 
Zero 
Pest control program;, 
Cleaning program; RM 
handling process – GMP; 
Certified products for 
additions (IFU standards); 
Personnel hygiene. 
 
Factory cleaning 
checklist-  
VPr6.3 SF01;   
GMP check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene of 
personnel. 
 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Remove 
contaminated 
product to waste 
/ recycling. 
AR report No. 
VPr1.4SF2. 
 
Juice maker; 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Wood 
- Metal 
- Plastic 
None present GMP; Visual inspections 
during off loading; 
Cleaning program; Glass 
and hard plastic program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning Chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program. 
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
6. 
Evaporation 
 
 
 
 
 
CP 
B: Open RM wrapping  
can be contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
 
 
Minimal 
 
 
TVC < 300 cfu/ml 
Zero 
 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Container cleanliness 
checks; Personnel 
hygiene; 
93 - 97°C; Temp. control 
monitoring of process; 
On-line QC temp. 
inspection; 
Preventive maintenance 
on inline temp probe. 
Evaporator 
report; 
Process control 
inspection sheet 
VPr6.2.1SF2; 
Evaporator 
report digital 
printout of temp 
probe; 
Factory cleaning 
checklist VPr6.3 
SF01; GMP 
Check VPr6.3 
SF02; 
Pest control 
register; 
Hygiene record 
of personnel. 
 
Evaporator; 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Remove 
contaminated 
product to waste 
/ recycling. 
AR report No.  
VPr1.4SF2. 
 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Wood 
- Metal 
- Plastic 
None present GMP; Visual inspections 
during loading; Cleaning 
program; Glass and hard 
plastic program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning Chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program,    
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
7.  Batch 
balancing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B: Open RM wrapping  
can be contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
 
 
Minimal 
 
 
TVC < 300 cfu/ml 
Zero 
 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Container cleanliness 
checks; Personnel 
hygiene. 
 
Factory cleaning 
checklist-  
VPr6.3 SF01;   
GMP check 
VPr6.3 SF02; 
Daily inspection 
sheet; 
Pest control 
register; 
Hygiene record 
of personnel. 
 
Evaporator; 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Contaminated 
product put on 
hold and clean 
equipment;  
Remove 
contaminated 
product to waste 
/ recycling. 
Daily 
inspection 
sheet; 
AR report No.  
VPr1.4SF2. 
 
Juice maker; 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Wood 
- Metal 
- Plastic 
None present GMP; Visual inspections 
during off loading; 
Cleaning program; 
Glass and hard plastic 
program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning Chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program,    
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
8.  
Pasteurising 
 
 
 
 
 
CCP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B: Open RM wrapping  
can be contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus 
 
 
Minimal 
 
 
TVC < 300 cfu/ml 
Zero 
 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Container cleanliness 
checks; Personnel 
hygiene checks; Regular 
analysis and tasting 
checks; 
85 - 95°C for 60 sec; 
Temp. control monitoring 
of the pasteurisation 
process; 
On-line QC temp. 
inspection; 
Preventative maintenance 
- divert valve VPr 9.7;  
Calibration procedure PR 
11 for inline temp probe. 
Factory cleaning 
checklist-  
VPr6.3 SF01;   
GMP check 
VPr6.3 SF02; 
Daily inspection 
Sheet; 
Pest control 
register; 
Hygiene record 
of personnel. 
 
Evaporator; 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Remove 
contaminated 
product to waste 
/ recycling. 
AR report No  
VPr1.4SF2 
 
Pasteuriser 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Wood 
- Metal 
- Plastic 
None present GMP; Visual inspections 
during off loading; 
Cleaning program; Glass 
and hard plastic program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning Chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program.    
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
9.  BCN 
blending 
 
CCP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPRP 
B: Open product can be 
contaminated: 
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- E. coli 
- S. aureus 
- L. monocytogenes  
- S. thermophilus 
- L. acidophilus  
- S. cerevisiae  
- A. acidoterrestris 
 
 
Minimal 
 
 
TVC < 300 cfu/ml 
Zero 
BCNsup (L. plantarum) 
application (3 700 ppm  
minimum); 
Pest control program; 
Cleaning program; RM 
handling process – GMP; 
Container cleanliness 
checks; Personnel 
hygiene. 
 
Factory cleaning 
checklist VPr6.3 
SF01;   
GMP check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene record 
of personnel; 
Production 
record; BCN 
blending WI and 
Record sheet; 
VPr6.5 WI01 and 
VPr6.5 SF01. 
Evaporator; 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Remove 
contaminated 
product to waste 
/ recycling. 
AR report No.  
VPr1.4SF2. 
 
Juice maker; 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Wood 
- Metal 
- Glass 
- Plastic 
None present GMP; Visual inspections 
during offloading; 
Cleaning program; Glass 
and hard plastic program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program,    
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
10.  Filtering 
 
 
 
 
 
 
 
 
 
 
 
 
 
CCP 
B:  
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- Acetobacter, TAB  
- S. thermophilus 
- L. acidophilus  
- S. cerevisiae  
- A. acidoterrestris   
 
 
None present 
 
TVC < 300 cfu/ml 
Zero 
Pest control program; 
Cleaning program; RM 
handling process – GMP 
Container cleanliness 
checks; Personnel 
hygiene; Use food grade 
filter aids (certificate of 
conformance and 
analysis). 
 
Factory cleaning 
checklist VPr6.3 
SF01;  
GMP check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene record 
of personnel; 
CoCs; MSDS;  
Specifications; 
Filter spec.; 
Filter 
replacement 
record; Filter 
mesh check 
VPr6.5 SF03. 
Evaporator 
Operator; 
Production 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Remove 
contaminated 
product to waste 
/ recycling; make 
sure all 
chemicals 
rinsed; Dispose 
of old filters. 
AR report No.  
VPr1.4SF2. 
 
Filling 
Operators;  
Supervisor; 
Production 
Manager. 
 
P: Open RM: 
- Glass  
- Wood 
- Metal 
- Plastic 
None present Filter (0.45 µm mesh) 
GMP; Maintenance; 
Visual inspections during 
offloading; 
Cleaning program; 
Glass and hard plastic 
program. 
C: Accidental 
contamination of open 
RM:  
- Water 
- Cleaning chemicals  
  
None present 
Visual and smell; 
GMP; Cleaning program,    
A: Accidental 
contamination of open 
RM with allergens 
present in the same 
area: 
- Sandwich (wheat – 
gluten)  
- Nuts 
None present Allergen management;  
GMP; Visual inspection 
and training. 
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
11.  Bottling / 
filling and 
labelling, 
coding, 
capping and 
packaging 
 
 
 
 
 
 
 
 
 
 
 
CCP 
 
 
 
 
 
OPRP 
 
OPRP 
B:  
Pests: 
- Fruit flies 
Microorganisms: 
- Yeasts and moulds 
- E. coli  
- S. aureus 
- Acetobacter, TAB  
- S. thermophilus 
- L. acidophilus  
- S. cerevisiae  
- A. acidoterrestris   
 
 
None present 
 
TVC < 300 cfu/ml 
Zero 
Personnel hygiene; 
training; Visual checks. 
Factory cleaning 
checklist VPr6.3 
SF01;   
GMP check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene record 
of personnel;  
Microbiology 
count sheet 
VPr6.2 SF01; 
Micro verification 
schedule; 
Cleaning 
schedule. 
Filter spec.; 
Filter 
replacement 
record.   
Filling 
Operators; 
Store 
Manager; 
Juice Makers; 
Production 
Manager; 
Laboratory 
Supervisor. 
Stop production 
and clean; make 
sure all 
chemicals 
rinsed; 
Dispose of 
contaminated 
containers and 
old “candles” / 
filters.  
 
AR report No.  
VPr1.4SF2. 
 
Production 
Manager; FSM 
/ HACCP 
Team Leader; 
Laboratory 
Manager. 
 
P : Foreign matter (e.g. 
filter powder, glass, 
metal, jewellery, 
insects). 
None present Filters according to Spec. 
– from approved supplier. 
C : Cleaning chemicals  None present Food grade chemicals 
used; Training. 
A : Wheat / gluten / 
dairy products / 
peanuts. 
None present People not allowed to eat 
in / bring allergens into 
the area; Training. 
 
12.  Storage 
and delivery 
 
 
 
 
 
CP 
B : None Minimal Personnel hygiene; 
Training; Visual checks. 
Factory cleaning 
checklist VPr6.3 
SF01;   
GMP check 
VPr6.3 SF02; 
Pest control 
register; 
Hygiene record 
of personnel.  
 
Store 
Manager. 
 
Training. AR report No.  
VPr1.4SF2. 
 
Store 
Manager. 
 
P : None  N/A  
C : None   N/A  
A : None N/A  
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PROCESS  
STEP 
 
CP / 
CCP / 
OPRP 
HAZARD 
Biological; Physical; 
Chemical; Allergens 
 
CONTROL  
LIMIT 
 
MONITORING AND 
PREVENTIVE  
CONTROL MEASURES 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
CORRECTIVE  
ACTION 
 
DOCUMENT 
USED 
 
RESPONSIBLE 
PERSONS 
 
Cleaning and 
sanitation 
 
Control 
practice 
(PRP) 
B : Microorganisms: 
- yeasts and moulds 
- E. coli 
- S. aureus 
- L. acidophilus,  
- S. thermophilus, 
- S. cerevisiae, 
- Acetobacter,  
- A. acidoterrestris  
Visually clean;  
TVC < 1000 cfu/g 
Zero 
GMP procedures; Visual 
inspection cleaning 
schedules; Hygiene and 
sanitation procedures – 
BCN application  
(L. plantarum) as sanitiser 
(40 000 ppm  minimum); 
Microbiological testing of 
swabs. 
Daily inspection 
sheet; 
Daily and weekly 
cleaning 
Records and 
checklists;  
Micro verification 
test results. 
Area 
Supervisor; 
Production 
Manager; 
Mgt Rep./ FSM 
/ HACCP 
Team Leader. 
Reporting; 
Clean again; 
Improve 
cleaning to 
prevent  
re-occurrence;  
Action request. 
AR report No.  
VPr1.4SF2. 
 
Operators; 
Cleaners; 
Area 
Supervisor; 
Production 
Manager; 
Mgt Rep / FSM 
/ HACCP 
Team Leader. 
P : None N/A   
 
C : Chemical residues 
 
None present; 
visually clean; 
controlled use. 
Visual inspection; 
controlled use of 
chemicals; 
Food grade chemicals 
training. 
Daily and weekly 
cleaning records 
and checklists, 
Action request. 
A : None N/A   
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5.3 DISCUSSION 
 
The concentration range of 3 600 - 500 000 ppm of L. plantarum BCNsup applied 
against SPOs, L. acidophilus, S. thermophilus, S. cerevisiae, Acetobacter LMG1607 
and A. acidoterrestris, was similar to concentrations previously documented (Joshi et 
al., 2006). They reported a linear percentage reduction in B. cereus cell growth after 
BCN from Lactobacillus spp. isolate CA44 was added at a concentration range of 
500 - 5 000 ppm to wine (plum), pulp (apricot) and juice (apple) over a 72 h period.  
Joshi et al. (2006) observed an 87% reduction of the SPO population resulting from 
the action of 5 000 ppm BCN in apple juice.  
 
Grande et al. (2005) investigated the preservation potential of BCN produced by  
E. faecalis A-48-32 applied in commercial apple ciders, freshly made apple juice and 
glucose-MRS broth, and found that 3 mg/ml enterocin AS-48 was necessary to 
inactivate B. licheniformis LMG19409 in fresh apple juice, while 0.5 mg/ml was 
sufficient to result in inhibition in the glucose-MRS broth.  
 
Pratush et al. (2012) found that the biopreservative effect of the BCN produced by  
L. lactis AP2 (2 000 ppm) tested against food spoilage and pathogenic 
microorganisms, such as B. cereus, E. coli, S. dysenteriae, S. aureus and  
P. aeruginosa, showed higher activity against S. aureus when compared to the  
sodium benzoate (600 ppm). The BCN from L. lactis AP2 was also very effective in 
the enhancement of shelf life and preservation of fruit juices, but only had a shelf life 
of 72 h (at acidic pH 2.0 - 6.0 and low temperature), after which the SPO cell counts 
increased again. However, in this study, the SPO cell counts of S. thermophilus 
(especially at 500 000 ppm BCNsup), L. acidophilus, S. cerevisiae, A. acidoterrestris 
and Acetobacter LMG1607 decreased after 36 h (Figures 5.1 - 5.3). 
 
Control of A. acidoterrestris, a spoilage-causing bacterium in fruit juices, by enterocin 
AS-48 (from E. faecalis A-48-32) was researched by Grande et al. (2005). They 
found that in apple, orange, peach and grapefruit juices, enterocin AS-48 inactivated 
vegetative cells of A. acidoterrestris DSMZ 2498 incubated at 37°C, and no growth 
was observed after 14 days. Notably, no viable cells were detected even after only 
15 min incubation with the BCN, in all the fruit juices tested. The enterocin AS-48 
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(2.5 ppm) also inactivated A. acidoterrestris endospores after being incubated for 
only 1 min with it. Bacterial lysis, substantial cell damage and disorganization of 
endospore structure were revealed by an electron microscopy examination of 
endospores and vegetative cells treated with enterocin AS-48 (Grande et al., 2005).  
 
Sobrino-Lopez et al. (2009) tested the combined effect of the addition of BCN AS-48 
with nisin or lysozyme, or both, together with the use of HIPEF, on milk inoculated 
with a spoilage pathogen, S. aureus. Synergy was observed with a more than 6 log 
reduction of S. aureus cell numbers using the combination of methods. In general, 
the S. aureus inactivation was dependent on antimicrobial dose levels, HIPEF 
treatment time and medium pH. Similarly, McNamee et al. (2010) in a hurdle 
approach to enhance microbial inactivation of SPOs in juice, tested the antimicrobial 
effect of the BCN, nisin (2.5 ppm) and food additive (E235) / antifungal agent, 
natamycin (10 ppm), along with LA (500 ppm) and BA (100 ppm), and in combination 
with PEF to enhance microbial inactivation of SPOs in orange juice.  The SPOs 
tested by McNamee et al. (2010) included L. innocua, E. coli k12 and P. fermentans 
(isolated from orange juice) which were inoculated into orange juice (with and 
without added preservatives). A significant decrease (p < 0.05) in the viability of  
E. coli k12, L. innocua and P. fermentans was caused by PEF, achieving reductions 
of 6.3, 3.7 and 4.8 log, respectively. PEF combined with nisin, inactivated E. coli k12 
and L. innocua in a synergistic manner, resulting in a total reduction of 7.9 and 5.6 
log, respectively, which was more effective than the sum of the individual treatments. 
The PEF - BA combination resulted in a cumulative inactivation of P. fermentans. 
This experiment demonstrated that combining the chosen preservatives at levels 
lower than in current use, with PEF, could cause higher than 5 log reductions of  
P. fermentans, L. innocua and E. coli k12 in orange juice (McNamee et al., 2010). 
This points to various possibilities where BCN (i.e. from  L. plantarum), resulting from 
this study, could be applied alone as a natural preservative, or in combination with 
other non-thermal, physical and / or synthetic / chemical preservative treatments to 
facilitate preservation of juices and other beverages (discussed further in Chapter 6). 
 
In this study, L. plantarum BCN did decrease growth of the indicator organisms  
(S. thermophilus, L. acidophilus, S. cerevisiae, Acetobacter LMG1607 and  
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A. acidoterrestris) in relation to the concentration of the BCN applied (Figures 5.1 - 
5.3). With time, this BCN limited the survival of these SPOs, as observed by the 
minimum BCNsup levels (3 600 and 36 000 ppm for L. acidophilus and  
S. thermophilus, respectively) at which the SPO cells relative to the SPO control 
(without BCN) were reduced (Figures 5.1 - 5.3 and Table 5.1). When controlling both 
L. acidophilus and S. thermophilus simultaneously in juice, the higher effective 
minimum BCNsup concentration (i.e. 36 000 ppm) would be the minimum level to 
apply.  
During the scale-up of BCN production at Valor (Pty) Ltd, some interesting 
challenges were experienced. The L. plantarum BCNsup did not exhibit antimicrobial 
activity when first blended into a juice concentrate such as mango-orange. However, 
the BCN retained the expected activity and functioned best when the concentrate 
was diluted to the RTD juice state / environment, where, in general, the more 
concentrated the BCN was, the higher the activity against the indicator SPO. A 
possible reason for the reduced BCN activity in the juice concentrate may be that the 
L. plantarum BCN was completely protonated at low pH (3.3 - 3.8; far below its pI of 
9.05), leading to possible chemical aggregation (Todorov et al., 2008).  
Lozo et al. (2007) also observed an aggregation phenomenon and differences in 
BCN activities when isolating and characterising L. paracasei subsp. paracasei 
BGSJ2-8 from semi-hard cheese. The BCN molecule may turn in on itself or bind 
with other natural proteins / cell walls / cell fragments in the juice concentrates / 
nectars, forcing BCN to aggregate / bind with other BCN molecules in a low Aw 
environment; juice concentrates being approximately 41 - 49°Brix (as compared to 
the RTD juice at approximately 8 - 11°Brix), where there are few available O2 
molecules to keep the BCN structure accessible for interaction (Lozo et al., 2007). 
Similarly, Pingitore et al. (2007) also documented that many BCN molecules tend to 
form protein aggregates when they associate with other substances present in a 
culture medium, where a high degree of hydrophobicity would be displayed by them. 
The low pK of triprotic citric acid (pK values of 3.13, 4.76 and 6.40) (O'Neil, 2013) 
(approximately 0.54% m/v) in nectars, being positively charged, could also have 
contributed to this effect, by the H+ H+ repulsion interaction with BCN, thus forcing 
aggregation and decreasing its binding ability with juice bacteria and fungi SPOs.  
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The application of the L. plantarum BCN on a pilot scale industrial study also 
resulted in the development of an FSM system HACCP plan, as described in the 
HACCP booklet by Bodley and Viljoen (2011), for the control of microbiological 
hazards typically occurring in the juice and food industries (Bodley et al., 2011). This 
was performed via a risk analysis and application of the decision tree to identify the 
CCPs (as described in the Council of the European Communities’ Codex 
Alimentarius 93/43/EEC, 1993, and various training manuals on the subject by the 
author), to apply the L. plantarum BCN in the commercial production of fruit juices. 
The application of L. plantarum BCN at a CCP in a HACCP plan could result in the 
safer production of juice in industry. This would keep potential juice SPOs under 
control by reducing them to an acceptable level, or eliminating them. Application of 
BCNs within a HACCP FSM system has not been previously documented for juice 
production. Similar approaches, such as the use of nisin in milk and cheese 
production (Hakovirta et al., 2006), the application of ultrasound at a CCP within a 
HACCP system in the production of juice extracted from apple pulp (Chemat and 
Khan, 2011), and the HACCP methodology during milk production at dairy farms 
have been documented (Vilar et al., 2012), but not using BCN(s) at a CCP.  
 
Determining the organoleptic qualities of the juice was crucial, because if the juice 
changes or deteriorates, it could affect its shelf life (Arici and Daglioglu, 2002). In the 
overall organoleptic evaluation, the eight member Valor (Pty) Ltd taste panel 
concluded that there were no differences between the juice samples tasted, with or 
without L. plantarum BCNsup, irrespective of the concentrations (3 600 or 36 000 
ppm). Although the scoring system developed and applied was unique, the 
determination of any organoleptic effect on the juices was similar in approach to that 
of Peres et al. (2008), where, after using L. pentosus DSM 16366 fermentation of 
Spanish style green olives as a starter culture, representative samples were 
presented to a five member taste panel assessing overall appreciation of samples on 
a 1 - 9 rating scale. In the overall organoleptic evaluation, no differences were found 
between naturally fermented and inoculated olives. The BCN level required to be 
effective as a natural preservative in food systems could be restrictive when 
organoleptically acceptable levels are exceeded by the required antimicrobial dose 
for efficacy, the concentration above which SPO growth is stopped or decreased 
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when compared to the control (Peres et al., 2008). Most of the studies on 
determining the organoleptically acceptable levels of antimicrobial agents have been 
qualitative or semi-quantitative (Tiwari et al., 2009b), as was the case in this study, 
where the different concentrations of L. plantarum BCNsup (3 600 and 36 000 ppm) 
were assessed for their organoleptic effect.  In studying the application of the BCN,  
E. mundtii ST4V, organoleptic properties of fermented products were evaluated by a 
taste panel, who reported no significant differences in rheological characteristics, 
suggesting that it had no effect on the quality of the product (Todorov et al., 2009; 
LeBlanc and Todorov, 2011). Todorov et al. (2008) reported initially on the sensory 
analysis of boza preparations, where they found no noticeable difference in 
sweetness, taste or aroma among samples fermented with the naturally fermented or 
commercial boza starter cultures of E. mundtii ST4V. However, when a commercial 
boza starter culture was used to produce boza, slightly more bitterness and yeasty 
flavour were recorded, and although statistically significant these differences were so 
small that consumers would probably not detect them. They also found no 
correlation between the different sensory attributes (sweetness, taste or aroma) 
assessed. Thus statistically significant results in this application would not 
necessarily mean differences in sensory perception, which consumers would be able 
to detect.  
 
The L. plantarum BCN used in this study had no detrimental or noticeable 
organoleptic effect on the peach-apricot and orange juices into which it was added, 
which will be good for future consumer acceptance. The BCN  concentration applied 
to inhibit SPOs (except Acetobacter LMG1607), was organoleptically acceptable and 
similar to concentrations (2.5 - 5 000 ppm) applied by other researchers who have 
tested BCNs in combination with and without other preserving agents (i.e. synthetic 
preservatives, heat and PEF), against juice SPOs (Gálvez  et al., 1998; Grande et 
al., 2005; Joshi et al., 2006; Sobrino-Lopez et al., 2009; McNamee et al., 2010; 
Pratush et al., 2012). 
 
Addition of the L. plantarum BCNsup, initially cultured in juice, would provide a safe 
alternative for the preservation of commercial fruit juices. 
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CHAPTER SIX 
 
GENERAL DISCUSSION AND CONCLUSIONS  
 
BCNs have been extensively studied due to consumer bias towards natural 
preservatives and subsequent demand for healthier, less processed foods, and the 
need to reduce chemical preservatives and meet legislative requirements (Holzapfel 
et al., 1995; Ennahar et al., 1999; Cleveland et al., 2001; O’Sullivan et al., 2002; 
Enrique et al., 2007). These proteinaceous substances are of significant importance 
in the food and beverage industry, as they prevent the growth of many spoilage and 
pathogenic bacteria, including: S. dysenteriae, E. coli, P. aeruginosa,  
L. monocytogenes, S. typhimurium, S. aureus, B. cereus and C. botulinum 
(Hernández et al., 2005; Lacroix, 2011; Pratush et al. 2012). Many BCNs from 
Lactobacillus spp. have been identified and characterised (Okkers et al., 1999; 
Hernández et al., 2005; Todorov and Dicks, 2004b; Todorov and Dicks, 2007; 
Todorov, 2009; Todorov et al., 2012). The use of BCN in juice preservation has been 
investigated in the following juices: apple, orange, peach, grapefruit and mixed fruit 
(Grande et al. 2005; Joshi et al., 2006; McNamee et al., 2010; Lacroix, 2011; 
Pratush et al., 2012). However, little research has been done on the application and 
efficacy of L. plantarum and the BCN it produces, under commercial / industrial 
conditions for juice production. The latter and similar research include shelf life 
studies with BCNs from L. plantarum, L. fermentum UN01 and L. lactis AP2 (LeBlanc 
and Todorov, 2011; Udhayashree et. al., 2012; Pratush et al., 2012), the use of  
L. plantarum as a probiotic (Connelly, 2008; LeBlanc and Todorov, 2011), BCNs 
from L. plantarum LPCO10 and L. pentosus DSM 16366 being used in organoleptic 
tests with fermented olive juice (Leal et al., 1998; Peres et al., 2008) and synergistic 
or comparative interactions of nisin and other commercial preservatives against juice 
SPOs (Grande et al., 2005; Sobrino-Lopez et al., 2009; McNamee et al., 2010; 
Pratush et al., 2012). 
 
A patent emanated from the initial screening for and growth studies of BCN 
producers in juice and partial purification of the chosen L. plantarum BCN  (Bodley 
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and Dicks, 2003). Subsequent work included L. plantarum PCR identification and 
detection of plantaricin structural genes, BCN production for industrial scale-up and 
application of BCN into commercial juice production, organoleptic testing and 
development of a HACCP plan for Food Safety Management.  
 
This study evaluated eleven LAB strains for BCN production and it was found that 
BCNs from L. plantarum and P. pentosaceus 34 possessed a wide spectrum of 
inhibitory activity against Gram positive and Gram negative bacteria, yeasts and 
moulds, as summarised in Tables 3.1 and 3.2. The BCN produced by L. plantarum 
from this study was proteinaceous in nature and demonstrated a high degree of heat 
tolerance and activity over a wide pH range. These biochemical characteristics are 
similar to what has been previously reported by authors on plantaricins from different 
L. plantarum strains studied (Van Reenen et al., 2002; Todorov and Dicks 2004b; 
Joshi et al., 2006; Gautam and Sharma, 2009). These polypeptides may have 
potential application to the juice and food industry where control of ubiquitous 
pathogenic microorganisms and biopreservation are becoming imperative. The BCN 
could remain effective during processing as it would withstand normal juice 
processing conditions where characteristics such as heat and pH stability are 
required (Sabia et al., 2002; Joshi et al., 2006; Franz et al., 2007).  
 
The presence of the four common plantaricin structural genes (plnEF, plnJ, plnK and 
plnN) confirmed that the BCN produced by L. plantarum in this study belongs to the 
class IIb plantaricin group of BCNs (Fimland et al., 2008; Rogne et al., 2009). 
Plantaricins, within the class IIa and IIb BCNs, have the characteristics of being 
small (< 10 kDa), heat-stable nonlantibiotics / nonlanthionine, unmodified, 
membrane-active polypeptides, with broad inhibitory activity, and with a conserved 
N-terminal sequence, enabling nonspecific binding to the target cell surface (class 
IIa) and / or a two-peptide complex, requiring both polypeptides for activity and pore 
formation (class IIb) (Klaenhammer, 1993; Garneau et al., 2002; Héchard and Sahl, 
2002;  Aly et al., 2006; Drider et al., 2006; Oppegård et al., 2007; Fimland et al., 
2008). 
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L. plantarum showed the highest activity in all media tested and was, therefore, 
chosen for juice fermentation studies and application as a preservative. L. plantarum 
BCN was isolated and the active fraction was obtained via SEC. The molecular 
weight of the polypeptide was determined as 3.2 kDa. SEC was also the method of 
choice in determining the molecular weight of the L. plantarum BCN rather than 
SDS-PAGE, which does not always give accurate results in BCN applications, as 
reported by Park et al. (2003), who found that the molecular weight of enterocins 
was an approximation between 3.5 and 6.5 kDa, since molecular weight 
determination by SDS-PAGE with inhibition zone formation on the gel overlay (with 
sensitive culture inclusion) was not accurate. The result of the SEC experiment is 
within the range of other studies which also determined the molecular weight of the 
BCN of L. plantarum strains, ranging from approximately 3 - 10 kDa (Todorov and 
Dicks, 2004b). 
 
BCNsup from L. plantarum was applied to citrus (C:V) and mango-orange fruit juice 
concentrates at concentrations ranging from 3 600 - 500 000 ppm. Organoleptic 
tests were also done (Section 5.2.4). The BCN contained in the juice did not alter 
flavour or taste / sensory qualities of the juice and did not cause toxicity or allergic 
reactions when ingested by volunteers on the tasting panel, and the criteria applied 
in this study were different to those documented by other researchers (Peres et al., 
2008; Todorov et al., 2009; Tiwari et al., 2009c; LeBlanc and Todorov, 2011).  
 
Although BCN has been used as a preservative in orange juice, different BCN 
producers to L. plantarum and P. pentosaceus 34 were used, such as  
E. faecalis A-48-32, Streptomyces natalensis and L. lactis (Grande et al., 2005; 
McNamee et al., 2010; Pratush et al., 2012). In addition, the L. plantarum BCN in this 
study was tested against 52 target juice SPOs and 8 SPOs isolated during this study 
from spoilt commercial juices; other SPOs reported were A. acidoterrestris DSMZ 
2498, P. fermentans, E. coli, B. cereus, S. aureus and S. dysenteriae (Grande et al., 
2005; McNamee et al., 2010; Pratush et al., 2012). 
 
Grande et al. (2005) found that the BCN enterocin AS-48 (from E. faecalis A-48-32), 
applied at 2.5 µg/ml in apple and orange juice, inactivated the SPO A. acidoterrestris 
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DSMZ 2498 endospores and vegetative cells when incubated at 37°C and no growth 
was observed after 14 days. In this study, the BCN producers were initially grown in 
MRS broth, the supernatants tested for activity, and applied to juice as a 
preservative. This is the first report on the growth of L. plantarum in citrus juice (C:V) 
and their BCN production optimisation in juice media, followed by their subsequent 
inoculation as natural preservative into RTD orange juice. These juices would 
normally otherwise be treated at high temperatures and pressures, or preserved with 
commonly used synthetic / chemical preservatives, such as potentially allergenic 
sulphates and / or potentially carcinogenic SB. Therefore, from a nutritional, 
chemical and organoleptic perspective, safer, better quality juices can be produced 
by nonthermal techniques (Patil et al., 2009; Tiwari et al., 2009a,c; McNamee et al., 
2010; Lacroix, 2011). 
 
In addition to juice medium being commercially readily available on a large scale in 
juice-producing factories, juice [C:V; 1:1 (1 conc. and 7 sterile dH2O) and 
supplements combination] proved to be the overall medium of choice. Although the 
BCN activity (AU/ml) in this juice medium was lower than in MRS medium (Figure 
4.4), when taking cell numbers into account, the specific activity of BCN from L. 
plantarum in juice and supplements combination was higher (1.8 times) than the 
specific activity of BCN from MRS medium and supplements combination, at 
maximum BCN activity values (i.e. 2667 and 5 333 AU/ml respectively) (Table 4.5). 
Over the 4 - 32 h period, the specific activity of BCN from juice medium and 
supplements combination showed an averaged increase of 85.1%, compared to that 
of BCN from MRS and supplements combination (Table 4.6). Therefore BCN in juice 
medium showed almost twice as high the specific activity when compared to MRS 
medium. 
 
Synergistic tests with BCNs of L. plantarum and P. pentosaceus 34 were similar to 
that of Sobrino-Lopez et al. (2009), who determined the effect of BCN AS-48 with 
nisin combined with the use of HIPEF, as well as McNamee et al. (2010), who 
investigated the antimicrobial effect of nisin and other commercial preservatives such 
as natamycin, along with LA and BA, and in combination with PEF to enhance 
microbial inactivation of SPOs in orange juice.  
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It may be interesting to explore potential synergistic effects of different preservation 
techniques where L. plantarum BCN could be applied alone as a natural 
preservative, or in combination with other BCNs and / or other non-thermal, physical 
techniques and / or chemical / synthetic preservatives to preserve juices and other 
beverages. The physical techniques, some of which are already individually and 
commercially applied in industry, could include, inter alia, PEF, high pressure 
processing (HPP) (which, although inactivating enzymes and spoilage 
microorganisms, have a negative effect on product quality characteristics; Tiwari et 
al., 2009a; Welti-Chanes et al., 2009; Guerrero-Beltran et al., 2011), gamma (Cobalt 
60) irradiation (Mahapatra et al., 2005), ultrasound [reported to be effective against 
pathogens found in orange juice (Valero et al., 2007; Tiwari et al., 2009b) and having 
the potential to meet the US Food and Drug Administration (USFDA , 2001) 
requirement for fruit juices of a 5 log reduction of SPOs (Salleh-Mack and Roberts, 
2007)], ozonation (Tiwari et al., 2009a), dense phase CO2 (DPCD) processing 
(Balaban, 2003; Del Pozo-Insfran et al., 2006) and UV-C [200–280 nm; biocidal 
effects, destroying microorganisms by cell wall and DNA degradation (Ngadi et al., 
2003); 254 nm being widely used (Guerrero-Beltrán and Barbosa-Cánovas, 2004)]. 
These biopreservative non-thermal combination protection techniques / agents could 
provide the commercial beverage industry with effective non-thermal alternatives to 
improve the safety of fruit juices, preventing microbiological spoilage. Until now, 
application of natural BCNs in fruit juices and beverages has been on a laboratory 
scale, but the potential benefits of these techniques could lead to a rapid scale-up 
and increase in commercial applications in the beverage industry (Rupasinghe and 
Yu, 2012).   
 
The industrial scale and application of the BCN production were important in making 
this research potentially useful to the health benefit of many consumers. In addition, 
a comprehensive HACCP plan was designed for BCN application as preservative, as 
an FSM tool at a CCP within the juice production process (Section 5.2.5). This would 
help to reduce microbiological SPO hazards / foodborne pathogens to an acceptable 
level or eliminate them, which is the main aim and requirement of the Codex 
Alimentarius 93/43/EEC and the current Global Food Safety Initiative (GFSI), 
comprising the requirements of the international food quality and safety certification 
standards, i.e. Food Safety System Certification criteria FSSC (ISO 22000:2005 and 
133 
ISO/TS 22002-1:2009; standard owned by the Foundation for Food Safety 
Certification) or the International Featured / Food Standard (IFS: German) or the 
British Retailer Consortium (BRC) standard or the Safe Quality Food (SQF: 
Australian and American) standard. A HACCP plan for the application of BCN as a 
preservative in juice production has not been published before. Improved food safety 
and juice quality through the application of a HACCP plan would also enhance juice 
yields by prevention of losses due to spoilage bacteria and fungi, and therefore be of 
commercial benefit to juice suppliers and consumers alike. 
 
There should be further investigation into the mode of action of BCN isolated from 
the L. plantarum in this study. Future routine industrial large scale production and 
application could be done using L. plantarum BCNsup at 3 600 - 100 000 ppm, 
applied to RTD juice post pasteurisation, to lower the possible bioburden of juice 
spoilage bacteria and fungi. An increase in the volume of BCN produced in juice 
would also be achieved through the large scale industrial fermentation of  
L. plantarum.  This could be done as depicted in Flow Diagram 6.1 for commercial 
juices / juice combinations / nectars (mango-orange, peach-apricot, guava, tropical 
fruit punch and DNB orange juice concentrates) at the determined CCPs, as part of 
the HACCP FSM of the production process. The BCN could also be applied during 
the control practice of “cleaning and sanitation”, as part of the prerequisite program 
(PRP) in ensuring hygiene and sanitation within the production processing area. 
BCNs, such as pediocin PD-1, nisin and plantaricin 423, have been proven to be 
effective in inhibiting biofilms (resulting from microbiological contamination and poor 
cleaning, disinfection and sanitation of production areas) from growing on stainless 
steel in a safer, more environmentally friendly method than chemical sanitation (Nel 
et al., 2002).  
 
Application and effective management of the CCPs (such as preservative addition, 
pasteurisation, final filtration and filling) would also help promote safe juice 
production for consumers. Application of the BCN at the BCN blending CCP (Flow 
Diagram 6.1) will be controlled by the required training of production operators at that 
production stage, following the work instruction (WI) describing the objective, method 
and volume of BCN to be added to the pasteurised juice in the production batch. 
Records of BCN addition during this blending step should be recorded on the 
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production BCN blending record sheet. This constitutes a controlled document, the 
records of which are mandated to be kept by the ISO 22 000 standard, as well as the 
Codex Alimentarius 93/43/EEC on food safety management.  
 
The limitations of this study were that the following aspects were not given 
consideration and hence could be expanded in future / post doctoral research work. 
These could include: a) comparison of BCN from L. plantarum against other 
preservatives, e.g. nisin, SB and pimaricin; b) characterisation of the BCN from  
P. pentosaceus 34; c) comparison of the BCN from P. pentosaceus 34 with the 
plantaricin of L. plantarum); d) application of BCNs from L. plantarum and  
P. pentosaceus 34 to other juices; e) more industrial replicates of BCN production 
and BCN application experiments (despite the challenges of routine batch production 
interruptions during research application); f) purification of BCNs after SEC, possibly 
by desalting, RP-HPLC (C3 / C10 column) and EMS analysis, and g) Edman protein 
sequencing of the BCN. 
 
In Flow Diagram 6.1 the proposed industrial scale production and application of  
L. plantarum BCN is described on the left hand side of the diagram, while the 
proposed large scale shelf life testing application of L. plantarum BCN is described 
on the right hand side of the diagram. In the proposed study, the author suggests 
that the quantity of fruit juice type in the RTD state / nectar samples used per product 
or juice type, should comprise of 1 litre at 4 temperatures and at 3 BCN 
concentrations (2.5 - 10% v/v) and 1 commercial synthetic preservative (SP) 
concentration (e.g. SB), at 5 sampling time intervals and 3 containers per sampling 
(for triplicate results). Based on the author’s industrial experience in shelf life testing, 
this would provide sufficient sample to cover a commercially relevant shelf life time 
frame, at a range of temperatures normally experienced in the industry, as well as 
accelerated conditions, a sensible range of BCN concentrations and convenient 
volumes of samples to analyse microbiologically and organoleptically.     
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Flow Diagram 6.1:  Proposed detailed industrial production, application and shelf life study of BCN 
for preservation of juice, depending on juice type (based on industrial experience, guava and tropical 
fruit / mango may require higher concentrations of BCN).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  
CCP: the Critical Control Point at which point the control measure applied may reduce the hazard 
being managed, to an acceptable level / eliminate it. 
 
 
This research also provides a foundation for future work into the possible multiple 
benefits of L. plantarum BCN, not only as a natural preservative, but also for other 
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applications to be explored. These include the application of L. plantarum BCN as a 
probiotic, as nanoparticles for a sustained release or delivery of BCNs into juices / 
beverages (Munyendo et al., 2012). This has been demonstrated with nisin having 
been encapsulated by semi-continuous compressed CO2 antisolvent precipitation 
into poly (L-lactide) (PLA) nanoparticles (Salmaso et al., 2004). In this experiment, 
nisin in active form was released for up to 1 000 h from the PLA nanoparticles, and 
was able to inhibit growth of Lactobacillus delbrueckeii subsp. bulgaricus when the 
PLA nanoparticles loaded with nisin were incubated in MRS containing the sensitive 
indicator strain. L. plantarum BCN could thus potentially be used in antimicrobial 
pharmaceutical products in the form of loaded nanoparticles. Other possible 
applications include use as a natural preservative of creams (in cosmetics and 
pharmaceuticals), incorporation of BCN into nanofibers via electro-spinning 
encapsulation of the BCN into nanofibers (Heunis et al., 2010), and into wound 
dressings to inhibit bacterial pathogens, and for anticarcinogenic properties [e.g. in 
scavenging of carcinogens, i.e. heterocyclic aromatic amines (HCAs), in the 
digestive tract; Nowak and Libudzisz, 2009]. L. plantarum of this study, being one of 
more than approximately 140 species of Lactobacillus, which are part of the natural 
flora of a range of food products like milk, fermented dairy products, fruits, 
vegetables and meat, serving as starters for a number of fermented food products 
either to enhance product quality or to add health benefits (Singh et al., 2009), would 
be a worthwhile candidate to explore further as a probiotic. This would also help 
satisfy the growing consumer desire to know more about the link between health and 
diet, with scientific evidence supporting the role of probiotic LAB in mediating many 
positive health effects (Soomro et al., 2002; Connelly, 2008; Javed, 2009). Fruit juice 
could serve as a good cultivating medium if L. plantarum is used as a probiotic. 
 
BCNs could be used for the control of pathogens (Dicks et al., 2011). In many 
hospitals, infections have become a serious problem, especially where methicillin 
resistant S. aureus (MRSA) are prevalent infection organisms (Guggenheim et al., 
2009). Various antibiotics are used to treat S. aureus infections (Gould and 
Chamberlain, 1995; Lowy, 1998), with vancomycin being used as a last resort but 
with only limited success (Dicks et al., 2011). However, L. plantarum BCN may be 
considered as an alternative treatment, similar to the use of lantibiotics, lacticin 3147 
or mersacidin, produced by L. lactis subsp. and Bacillus spp. strain HIL Y-85,54728, 
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respectively (Sass et al., 2008), which has been shown to inhibit the growth of MRSA 
strains in vivo (Kruszewska et al., 2004). It may also be active as a treatment of 
Propionibacterium acnes, similar to mersacidin (Jung, 1991; Niu and Neu, 1991). 
The two compounds, BCN (mersacidin) and vancomycin, may be used in 
combination with each other, as their modes of action differ (Brötz et al., 1995; Dicks 
et al., 2011).   
 
L. plantarum BCN may also prove to be effective in prevention of contamination of 
implantable medical devices; many cases of such infections have been reported 
(Campoccia et al., 2005). Colonization by S. epidermidis, S. aureus, and 
Streptococcus faecalis of intravenous catheters and polyvinylchloride (PVC) 
tracheotomy tubes coated with nisin, has been prevented by its bacteriostatic effect 
for limited periods of time (Bower et al., 2002).  
 
The L. plantarum BCN administered via juice may even be effective in the prevention 
of plaque-induced tooth decay, gingivitis-causing bacteria and dental decay 
associated with S. mutans. Studies have proved that lantibiotics (nisin and lacticin 
3147) are effective in this (Blackburn and Goldstein, 1995; McConville, 1995; Peek 
et al., 1995; van Kraaij et al., 1999; Galvin et al., 1999). Even bacteria associated 
with gingivitis are inhibited by a commercial product, BLIS K12 containing a 
Streptococcus salivarius strain, which produces salivaricin A2 and B (Tagg, 2004; 
Dicks et al., 2011). 
 
Application of lacticins A164 and BH5, and nisin, inhibited the growth of Helicobacter 
pylori in vitro (Delves-Broughton et al., 1996; Kim et al., 2003).  Both these 
polypeptides could be used for the treatment of stomach ulcers caused by oral 
mucositis and H. pylori  [which, on gastric colonization, also causes disorders such 
as peptic ulcer disease, chronic gastritis, tissue lymphoma, as well as gastric cancer 
(Isreal and Peek, 2001; Kusters et al., 2006)]. Commercially produced nisin has 
successfully undergone clinical trials (phase I) for this application. The use of nisin 
for treatment of gastric Helicobacter infections and ulcers has already been 
commercialised (by the companies Merck and Astra), and preclinical trials have been 
commenced with nisin variants, A and Z, for treating enterococci which are 
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vancomycin-resistant (Dicks et al., 2011). BCN from L. plantarum could be 
investigated for similar application. 
 
Due to their high survival rate during passage through the upper GIT, Lactobacilli, of 
which L. plantarum is one of the dominating, most studied and best understood 
Lactobacillus spp. (Ahrné et al., 1998; Feld et al., 2009), are also a potential delivery 
vehicle for therapeutic and vaccine purposes (Diep et al., 2009). Drug delivery 
systems will likely play an important role in the use of BCNs in future in the 
biomedical industry. These systems could help protect and preserve the polypeptide 
activity and release them in a controlled manner. Further studies need to be 
conducted on this aspect, which would help enhance the already huge potential of 
BCNs being used in biomedical applications and also launch BCNs into the new 
biomedicine era (Dicks et al., 2011). The L. plantarum BCN could be analysed for 
possible antiviral activity similar to the BCN from Enterococcus faecium (3.5 kDa 
enterocin CRL 35), which demonstrated antiviral activity against Herpes simplex 
virus types 1 and 2 (HSV-1 and HSV-2) (Javed, 2009). 
 
This study is among the few that have been done on the application and efficacy of  
L. plantarum and the BCN it produces, under commercial / industrial conditions for 
juice production. This is the first report on the growth of L. plantarum in juice and the 
BCN production optimised in juice media, followed by inoculation into RTD juices as 
a natural preservative. In addition, this study is the first to include a HACCP plan for 
the application of BCN as a preservative in juice. 
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APPENDICES 
 
Appendix 1: 
Organoleptic – Taste Test Form 
 
BCN Juice Taste Test     Date:________ 
Name: ___________ 
1. Please taste samples from left to right 
 
2. Write corresponding code (marked on container) of each sample  
in square provided from left to right 
50% Low kJ 
Peach-Apricot 
      
       
50% Orange 
 
      
3.  Circle block sample containing NO BCN 
4.  Thank you for your assistance 
---------------------------------------------------------------------------------------------- 
 
Score Sheet: BCN Tasting    Date:________ 
 
 
 
 
 
 
 
Juice Sample 
Taste Panel Member 
Total 
1 2 3 4 5 6 7 8 
50% Low kJ Peach-Apricot  
321 : 3.6% BCN (36000 ppm)          
609 : 0.36% BCN (3600 ppm)          
493 : Control          
50% Orange  
922 : 3.6% BCN (36000 ppm)          
846 : 0.36% BCN (3600 ppm)          
627 : Control          
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Appendix 2: 
 
 
Appendix 2a: Bioscreen growth curves at OD580nm of BCN producers, L. plantarum (green), L. casei 
B (red) and L. casei A (blue), at 25°C and pH 4.0 (pH 3.0, 3.5 did not demonstrate much growth) in 
MRS broth (graph produced directly from bioscreen). 
 
 
 
Appendix 2b: Bioscreen growth curves at OD580nm of BCN producers, L. plantarum (green),  
P. pentosaceus 34 (blue) and L. casei B (red), and control (yellow) at 30°C and pH 4.0 in MRS broth 
(graph produced directly from bioscreen). 
 
